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disposition list. 

D UlllNC* the period under repoi’t the otticers of the Depart- 
incut were (iinploycd follows : — 

Huferinleml^nts, 

Dr. L. L. Fkhmor Placed in charge of office till the 19th 

April. Acted as PahnontoIogLst from 
the 0th April to the Slat July 1927. 
Placed in charge of the Central Pro- 
vinces and Central India Party and 
also temporarily of the Bihar and Orissa 
Party. 

Dr. G. E. Pilgrim Acted as Palaeontologist till the 5th April 

1927. Left for the field on the 3rd 
April 1927 and returned on the 20th 
July 1927. Remained at headquarters 
and acted as Palaeontologist from the 
1st August 1927. 

B 
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Mu. G. H. Tippjcu Returned from the field on the 25th 

February 1927. Granted combined 
leave for two years and four months 
with effect from the 6th May 1927, and 
])erniitted to retire on the expiry of leave. 

Dk. G. UK 1\ Cotter Returned from the field on the 14th 

March 1927. Granted combined leave 
for <nght months from the 28th March 
1927. Returned from leave on the 
Ifitli November 1927. Placed in charge of 
the Punjab Paity ; left for the field on 
the 23r(l November 1927. 

Or. J. CoooiN Brownt Granted leave on average pay for seven 

montlLs and twenty- five days with 
eifeet from Mie 1st April 1927. R(i- 
turned from leave on the 7th Novem 
ber 1927 ; placed in charge of the 
Burma Party. 

Mr. 11. Oeotl Jones Returned from the held on the 9th April 

1927. Granted combined leave for 
ten months and seven days with 
effect from the 6th May 1927. Per- 
mitted to attend the meeting of the 
Second Empire Mining and Metal- 
lurgical Congress held in Canada in 
August 1927. 

> 1 s sista nt iiu'per in ten dents. 

Mr. 11. WAiiKER . . Retired from service with effect from the 

16th March 1927. 

Dr. a. M. Heron . Returned from the field on the 3rd Febru- 
ary 1927. Granted Study leave for 
nine months with effect from the 12th 
February 1927. Returned from leave 
on the 7th November 1927. Placed in 
charge of the Rajputana Party and 
left for the field cn the 2lBt November 
1927. 
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Dr. C. S. Vox 


(Janeral Report for 0)27^ 




Returned from the field on the 9th June 
1927. Left for the Giridih coalfield 
on the 12th July and returned to head- 
quarters on the 16th. Placed in 
charge of the Coalfields Party. Left 
for the field on the Ist October 1927. 


Mr. H. Crook shank 


Mr. G. V. Hobson 


Mr. E. li. G. Vleoo 


Granted leave on average pay for six 
months and eleven days ; availed himself 
of the same with effect from the 18th 
April 1927 from the field. Re 

turned from leave on the 22nd October 
1927. Attached to tlie Central Pro- 
vinces and (-entral India Party and 
left for the field on tlie 7th November 
1927. 

lie turned from leave on the 6th Novem- 
ber 1927. Aftached to tiie Coalfields 
Party and left for the field on the 28rd 
November 1927. 

Acted as Curator of the (Jeologieal Mu- 
seum ajid Laboratory till the I9tli April 
1927. Placed in charge of office from 
t.he 20tli April 1927. 


Rao 11a HA huu )S. ISkti III Returned from the field on the 1st May 

Rama Rau. 1927. Attaclied to the Coalfields 

Party. Left for ^ne field on the 15th 
November 1927, 


Rao Bauahuk M. Vina- Returned from the field on the 5th May 
YAK Rao. 1927. Detailed for the investiga- 

tion of the manganese occurrences in 
the Belgaum and Kanara districts of 
the Bombay Presidency and thereafter 
for the continuance of the survey of 
the North Arcot and Salem districts 
in the Madras Presidency. lieft for the 
field on the Ist November 1927. 
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Mr. E. J. Bradshaw 


Mr. a. L. Coulson 


Mr. D. N. Wadta 


Dr. J. A, Dunn • 


Mr. C. T. Barhrk. 


Mr. E. li. Gkk 


Attached io the Burma Party ; re- 
mained iu Burma throughout the period. 
Placed temporarily iu charge of the 
Party during the absenc(? of Dr. Coggin 
Brown on leave. 

Returned from tlie iield on the ir)th April 
1927. Acted as Curator of the Geo- 
h->gical Museum and Laboratory from 
the 20th April to Slst August 1927. 
Detailed for the investigation of tin* 
liill slopes around Alaiiii Tal. Left 
for tlie field on tin* did Septoiribei 
and rtdurned to he.'uhpiarleis on the 
loth Dct()b(‘r lo27. Appointed (hu 
raior of the GeoIogi('al Museum and 
Laboratory from the J2th October J927. 

Betuined Irom leave on the 3rd -Novem- 
ber 1927. Attaclie.d to the Punjab 
Party ; left Idr (lie iield on the 18tb 
XovendDer 1927. 

JU'turned Irom the field on the 2lHt April 
P»27. Attaclied to the Bihar and 
Orissa Party. Left foi the field on the 
30th October 1927. 

Remained in Binnia throughout the pc- 
liod as Resilient Geologist at Vimam 
gyanng and ollic.ial member of tin* 
Venangyaung Advisory Board. 

Returned from the field on the lltli 
March 1927. Granted combined leave 
for seven months and twenty-four days 
with cfl’cct from the 18th March 1927. 
Returned from leave on the 22nd Octo- 
ber 1927. Attached to the Coalfields 
Party ; left for the field on the 1st 
November 1927. 
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Mr. W. D. West . 

Afu. A. K. Banerji 


Oh. M. S. KrusiiNAN 


Mr. P. Leicester 

Dr. S. K, Chatterjee 


Mr. J. B. Aui;en . 


General Report for 1927. 0 

. Returned from the field on the 11th July 
11)27. Remaiiiod at headquarters 

during the rest of the period under 
report. 

. Returned from the field on the 7th May 
11)27. Acted as Curator of the Geolo- 
gical iliiseum and Laboratory from the 
I Hi September to the 11th October 
n>27. A ti ached to flu* CoallieldH 
^^^rty ; leit for tlu' field on the IbI 
\h>vemb(M' 1027. 

. Returned Irom the field on the 4th May 
1927. Services placed at the disposal 
of the Department of Education, 
Flealfh and Lands for a period of foul* 
months vvitli etiect from the 1st July 
1027. Attached to the Bihar and 
Orissa Party ; left for the field on 
Ihe 15th November 1927. 

Attached to the Burma Party , remained 
in Burma throughout the period under 
report. 

Returned from the field on the *29th April 
1927. Granted leave on average 

pay for twenty-four days with effect 
from the 4th May 1927. Returned 
from leave on the 2i^th May 1927. 
Attached to the Central Provinces and 
Central India Party ; left for the 
field on the 7th November 1927. 

Returned from the field on the 13th April 
1927. Attached to the Coalfields 

Party; left for the field on the 3rd 
November 1927. 
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Mr. V. \\ Son PHI 


Mr. n. H, (iurr.v 


Dr, W. a. K. Ciiristu^ . 


Mr. K. V. Wa'I’kinsdv . 


Mr. B. B. (ttippa . 


Mr. D. S. BirATTAOHAR' 
JT. 


Attached 1.0 the Burma Party ; remained 
ill Burma throiif^liout tlie period under 
rejiort. 

Appointed AssiKtant Superintendent. Geolo- 
gieal Survey of India, witli (*iTet*t from 
thti 1st Novemlier BJ27. Attached to 
the Burma Party. 


Cheniisi, 

At headquarters. 


Arhst. 


At lieadquarters tiJl the 10th July 
1027. Granted liiave on average pay 
for two months and liffcen days with 
elfect from the llth July 1927. Re- 
turned from leave on the 26th Sep- 
temher 1927. Remained at headquar- 
ters during the rest of the period under 
report. 


Sid)- A ssistants. 

Attached to the Burma Party. Promot- 
ed to the gi’adii of Assistant Superin- 
tendent with effect from the let No- 
vember 1927. 

Returned to headquarters from field work 
in the Central Provinces on the 6th 
May 1927. Attached to the Central 
Provinces and Central India Party ; 
left for the field on the 10th Novem- 
ber 1927. 
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Mk. B. C. Gnn’A , 


Mr. ir. M. TjAuihi 


Mr. L. a. Narayana 
Iyi‘:r. 


Mr. P. N. Mukkujke 


m P. C. Roy 


Returned to leadquarters from field 
work in Raj pn tana on the 2nd May 
P*27. Granted leave on average pay 
for eighteen days with effect from the 
I2tli September 11)27 and ^permitted 
to affix the Puja holidays. ^ Returned 
from leave on the 12th October 1927. 
Attached to the Rajputana Party ; left 
for the field on the 17th November 1927. 

. Returned from field worlc in the Punjab 
on the Ist May 1927. Granted leave 
on average pay for three months and 
elev<m days with effect from the ith 
May 1927. Returned from leave on 
the Ist August 1927. Attache^l to the 
Punjab Party; left for the field on the 
1st December 1927. 

Returned from field work in Bihar and 
Orissa on the 4th April 1927. Granted 
leave on average pay for two months 
and seven days with effect from the 6th 
April 1927. Returned from leave on 
the ISth June 1927. Granted combin- 
ed leave for two years with effect from 
the 12th September 1927, 


At headquarters till the 11th October 
1927. Granted leave on average pay 
for seven weeks with effect from the 
12th October 1927. Returned from 
leave on the 30th November 1927. Re- 
mained at headquarters. 


Assistant Curator, 
At headquarters. 
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Field Col lectors 

N. K. N. Aiyengah lletarueJ lo lu'iidcjuartt^rH alter cullectiou 

of apecinieiis from the Punjab and Raj- 
piitana on the 21st Aj)ril 1927. 
Granted leave on average pay for two 
months with effect from the 16th May 
1927. iv(*rriained at headquarters. 

A. K. Dky Returned to lieadquiirters ufler colleeiion 

of speelimms from Madras on lh<‘ 17ih 
May 1927. Derailed for the enller 
hon iff spi‘cinjens in Rom bay. Left 
lor th*' ti<^’ld on Ihe 22nd NovfjnfM'v 
1927. 


M usewn Assistants, 

Austfn. M. N, At headquarters. 

Ghosh. 

D. Gupta At Headquarteis till the 11th October 

1927. Granted leave on average 
pay for one month and twenty-eight 
da}^s with effect from the 12th October 
1927. Returned from leave on the 
10th December 1927, Remained at 
headquarters. 


The cadre of the Department continued to be C Superintendents, 
22 Assistant Superintendents and one Chemist. Of the two vacancies 
in the grade of Assistant Superintendent, including the one caused 
by the retirement on pension of Mr. H. Walker, one was filled 
during the ^ear. 
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Dj’. C. S. Fox was appointed to oiHciate as ISuperiiiiendoiit 
from the 28tli Marcli 1927 to the I5tli November 1927 vice 
Di. G. de P, Cotter on leave, and again from 
poiiiiXnts*" November 1927 onwards vice 

Mr. H. C. Jones on leave. 

Dr. Heron was appointed to olficiate as Su[)erintendent from the 
7th November 1927 vice Mr. G. H. Tip]>or on leave. 

Mr. E. L. G. Clegg wais appointed to olfieiate as Superintendent 
from tlie 201 li April to the Gfh Novoinlxn* 11*27 vice Dr. J. Coggiji 
ibown on leave and again from tl»e 7th 1o *he loth Novo!nb<*r 1927 
rue Mr. H, C. Jones on h?av(‘. 

Mr. JO. L. (!. C1('gg acted as (hiralor, Geological Miisenm and 
Laboratory till Ihe. 19th A])ril 1927. Mr. A. L. Gonlson acted as 
Curator lill the. 3hst Augiisl 1927, when hi.s dijlies were Liken over 
])y Mr. A. K. Banerji. The hitter ollicer was relieved by Mr. A. L. 
(lonlson on the 12th October 1927. 

Dr. G. E. Pilgrim acted as Pahnontologist till the 5th April 
1927 when he w^as relieved by Dr, L, L. Fermor. From th(‘ 1st 
August 1927 Dr. Pilgrim again acted as Palreoutologist. 

Mr. 1\ Leicester and Dr. S. K. Chatterjee have freon (‘onfiiined in 
their a, pointinents as Assistant Sr perintendents. 

Mr. B. B. Gupta, Sub-Assistant, was promoted Assistant Superin- 
tendent with ehect from the Ist November 1927. 

Mr. H. Walker, Assistant Superintendent, retired from the 

KetireiiiLiit. service with efTect from the IGth March 1927. 


Mr. th H. Ti])per was granted combined leave for two years and 
four months with elTect from the Gth May 
1927. 

Dr. G. de P. Cotter was granted coml)ined leave for eight months 
with effect from the 28th March 1927. 

Dr. J. Coggin Brown was granted leave on average pay for seven 
months and twenty-five days with effect from tlio 1st April 1927. 

Mr. n. Cecil Jones was granted combined leave for ton months 
and seven days with effect from the Gth May 1927. 

Dr. A. M. Heron was granteii study leave for nine months with 
effect from the 12th February 1927. 

Mr. H Crookshank was granted leave on average pay for six 
months and eleven days wdth effect from the 13th April 1927. 
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Mr. G. V. Hobson wns panted an pxtension of loavo for thirty- 
five days witli effect from Uie 7ih October 

Mr. R. 11. Goo was ,!i[ranted combi iieti leave for sove»i moiitlis 
and twenfy-foiir days witli elTect from the I(Sth March 1927. 

Dr. S. K. Ghn.tterje(^ was t^ranf-ed liiave on avea*a"o pay for twemty- 
fonr days witli effect from the Itli May 1027. 

Mr. K. V. Watlvinson was granted Icfivc; on average pay for two 
months and fifteen days witli efftict from the 11th duly 1027. 

Mr. B. C. (TU])ta was granted leave on average pay for cigliteen 
days with effect from the Tith September 1927. 

Mr. il. M. Lahiri was granted leave on average pay for throe 
months and eleven days witli effect from the 4th May 1927. 

Mr. L. A. Narayana Iyer was granted leave on average pay for 
two months and seven days with effect from the fith April 1027 
and was again granted combined leave for two years with effect 
from tlie 12tli September 1927. 

Mr. B. N. Mukerjee was granted leave on average pay for seven 
wcclrs with effect from the 12th October 1927. 

LECTURESHIP. 

Mr. E. L. G. Clegg continued as liccturer on Geology at the 
Presidency College. Calcutta, till the dlst Octolier 1027 when he 
was relieved by Mr. A. L. Coulsou. Dr. M. S. Krishnan acted as 
a wholetime lecturer on (feology at tlic Forest College, Dehra 
Dun, for a period of four mouths from Ist July 1927, 

POPULAR LECI URES. 

A popular lecture on A Geological Excursion to the Canary 
Islands was delivered in the [iidian Museum by Dr. L. L. 
Fennor during the year. 

LIBRARY. 

The additions to the Library amounted to 4,628 volumes of which 
1,215 were acquired by purchase and 3,413 by presentation and 
exchange. 

JPUBLICATIONS. 

The following publications were issued during the year under 
report : — 

1. Records, Vol, LIX, part 4. 

2. Records, Vol. LX, part 1. 
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3. Rf‘cord5, liX, pait 2. 

4. Rorords, Vol. LX, ])ari 3. 

5. Palmontologia rndioa.. X(nv SorioH, Vol. Vfl, Memoir No. 3. 
0. Paljeontologia Itidica, Now HerioB, Vol. IX, Memoir No. 2, 

Part T. 

7. Palaeontologia. Indioa, New Series, Vol. X, jMemoir No. 1. 

8. Piilieontologia Jndica, New Serie^s, Vol. X, Memoir No, 2. 

IL Pa la^onf^o login Jfidica, New Series, Vol. XIV. 


MUSEUM AND LABORATORY. 


Slaff. 


Mr. E. Ij. ft. Olegg was (Curator of ftio Geological Museum and 
Laboratory from the beginning of ilie yf^ar under report until the 
lOtli April. On the 20th April h(3 was re- 
lieved by Mr. A. L. Coulaon who remained in 
charge until 3l8t August. Mr. A. K. Banerji assumed the duties 
from the 1st September to 11th October and from the 12t]i Oetob(5r 
Mr, A. L, Ooiilson again resumed charge. Babu Puma Chandra 
Roy remained Assistant Ouralor throughout the year and Babus 
Austin Manindra Nath Ghosh and Dasarathi Gupta fulfilled the 
duties of Museum Assistants. During the absence of Babu Dasu- 
ratlii Gupta on leave, his dutiivs were temporarily performed by 
Babu Nabago])aI Gupta. Bal)U Li^kh Raj continued to act as Cliemi- 
(*al Assistant to the Burma Party, Jiangoori. 

After his return from leave on the 2nd January, Dr. W. A. K. 
Christie continued his duties as Chemist throughout the year, 
remaining at headquarters for the whole pe- 
riod. 

The number of specimens referred to tJie Curator for examination 
and report was of which assays and analyses were Jiiade of 4(5. 

The corresponding figures for the previous year 

aiid^Aririyscs'^ respectively. Chemical work 

included analyses c)f gases, waters, coals, lime- 
stones, manganese ores, sillimanite-rocks, pyrrhotite, gedrite, jiiddite, 
gneiss, calc-gneiss and quartz-magnetite-rock. 

A collection of 160 well-preserved beautiful beada- not included 
in the above figures — was submitted for examination by the Arch»o- 
logical Survey of India. These were found 
ro*Slnd^*” during recent excavation work ar Mohenjo 

’ Daro, in Sind, and are considered to be be- 


Clicfiiist. 
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tvvoen 'l,r)<J() and 5,000 years old. The skill of the lapidary shown in 
the making of tlio heads so as to bring out their full beauty indicates 
a Hiir]>risingl\' advanced stale of cultural development. The beafls 
are mostly of agate, agate-jasper, jasper, onyx, bloodstone, amazon 
stone, chalcedony and jade*. The writer is preparing for tJio 
ArcliuMdogieal Survey a note upon the sources of the minerals found 
at Mohenjo Daro 

A spoeimen from near Jogipalli Shrotrieiu (M’ 1*5': 14') 

in the Madras Prissidency has been ideiitilied as one of the gahiiiti^ 
group of zinC'Spimds, a. grouf) of vmy un(‘orn- 
ino)i o(‘eurr(U)(‘e in India. 

I hiring th‘‘ y«‘ai an inventory wms takam ol tlu‘ number ol 
>j)ei‘inj<‘ns exhibited ami stored in the I'oHec- 
^ions of file ideological Survey of India. 'The 


^UlnlJcr of >j)c«.iaieiis 
111 tni‘ mllii. 

lions. 


illowing ligurtvs are of interest; 


— 

Tot.i) Niiiuti’i’. 

i^umbi^r 

1 xhibib'd 

lU till' 

.Minerals inUTe.btiiij' fnnii a sui^nfilic ])Oint of 
view. 


4,220 

.Minerals ing fro/a .ui ecuiiMmie (.oimI. >if 

view. 

4,090 

4,090 

MetooriUa 

1 

i>88 

I 588 

1 

Kockd 

14,100 

3,730 

J^'ossils-*- Verlelaale ..... 

120,780 

3,270 

Fofifiils-' Invertebrate ..... 

197,270 

47,3[»0 

Duplicate rocks and minerals arranged in sots 
fi»r educational puiposes. 

14,950 

•• 

'I'OTALS 

:100,398 

64,388 


During the year under review, collections of minerals were 
Donations io Mu- presented to the iinder-mentioned institu- 
seiims, etc. tious : — 

1. Department of Commerce, University of Allahabad. 

2. Department of Botany, St. John’s College, Agra. 

3. Mineral Department, British Museum (Natural History). 




t*ART 1.] 


General Report for 1927. 


13 


■1. Geological Survey of South Africa. 

5. University of Calcutta. 

6. Agricultural College, Lyallpur. 

lu addition tn tlu; above, the following specific presentations 
were made : — 


!. Corundum to T. V. il. Rao, lisq.. Geology Department. 

Imperial College of Science and Technology. London. 

2. Talchir boulders to Prof. E. W. Skeats. University of Mel- 
boiinio. 

( JIuSH-malnni' lo ilni l’i‘(’lniologic{i.l In- 

.sHtulo, (dlWIlfXIlV. 

I <o J. K- (niaiidhnry, I08i[., Koader ol (d^einislry, 

Dacofi Ijiiiv(3r8ily. 

I’nuniKiliiie to ihi' liuliaii Instltut«'‘ of Suiuii<*e, liciiigiilui'o. 


hi uficlitxni to a huge niunbou ot specimens rollooUMl by mem- 
bers of the Department, the fodowing speci- 
mens were receivfxl and inekided in oiir cOoee- 
lions 


(o Collccfions. 


1. Haw coal, dried mal and a brapiotle, i'allonni. Australia. 

Presented by Diwaii Pahadur T. Kangaciiariar, C.l.R. 

2. Allacliito, Sweden. Presented by Pn^f. P. Quensel. 

:b Niisonite, Sweden. Presented by Prof. P. Qiiensel. 

4. Pinnemanite, Sweden. Presented by Prof. QumiseJ, 

r>. Uixenite with pyro-aurite, Sweden. Presented by Prof. 
P. Quenscl. 

0. Sarkiuite, Swediai, Preseided by Prof, P. Qiiensel. 

7. Magneto-plumlnte, Swixlrn, Preseut(‘d by Prof. P. Qiien.sel. 

5. Lajigbanite, Sweden. Presented by Prof. P. Qiiensel. 

Qiionselito, Swfiden. Presented by Prof. P. (inensel. 

](1. Hausma unite, Swodou, Presented by Prol. P. Qiiensel. 

II. Braunite crystal, Sweden. J'rcsented by Prof. P. Qiiensel. 
J2. Corundum crj^stal. Presented by the Director, (Geological 

Survey of South Africa. 

13. Chrome-garnet (iivarovitc). Presented by the Din'ctor, Geo- 

logical Survey of South Africa. 

14. Hortonolite-duiiite (a platinum-bearing rock), Lydenburg dis- 

trict, Transvaal. Presented by the Director, Geological 

Survey of South Africa. 
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15. Hortonolite-diiriil(‘ in contact with ulu’omite-rock. Same lo- 
cality. Pr(‘H(MJtc<l by the Director, (Geological Survey 
of South Africa. 

Hi. Vulcanic asii, from Mt. l^elec, Martinique, West Indies, 
rresented by M. K. Chiudert, rondicherry. 

17. (lariiet crystal in mica, rurchased. 

18. Cliapmanite, (Jutaiio. Iheseiitcd by Dr. T. D. Walker, 
ly. Collinsite, J5ritish Coiujiibia. Presented by Dr. T. Jj. 

Walker. 


liuriiia 1 Jiboralory. 


No falls ()[ meteorites were recorded during the year under 
revK^w. On the 28t[i November, however, a very line specimen 
of a stone meteorite, weighing 8,552 grammes, 

Mekori^c^. if * ?• r i i m 

was received lor examination from the Me war 
Durbiir, Rajputaiia. This fell in the village of Lua (24 ' 57' : 75'’ 11'), 
liegu panjana of the Udaipur Slate, between 5 and 5-50 o’clock, 
j),m., on th(i 201 h June 1920 and was mentioned in the preceding 
(General Report. A complete account of the stone will be published 
latcir. 

During 1927 in tin? Burma Laboratory III specimens were re- 
tjcived and reported on, of wliiiih 18 were quantitatively examined, 
'the corresponding hguri'S for 1920) were Its and 
15 res] H‘c ti \ ely. 'riie specimens examined included 
ancient (unamcnts and jewellery found by the Aroha30“ 

logical Survey during the course of excavations at llmawza (Old 
Proine) ; coal, iron ore, lead ore. tin ore and stibnite. 

DRAWING OFFICE. 

The artist, Mr. K. F. Watkinson, remained in charge throughout 
(he year, with the (*xccption of two-aad -a -half months when Babu 
Kali Dhaii Chandra held cliarge. 

The. amount of publication work passing through the Drawing 

Ofliee has been steadily maintained, a noticeable feature of the work 
submitted for reproduction being the intricacy 
of the geological detail. The following plates 

have been prepared during tlie year : 21 plates for the Records, 
57 plates for the Memoirs and 25 plates for the Paheontologia 
Indica. 

The total number of impressions made for publication were 

54,750. This work has involved the preparation of 206 separate 

fossil photographs and 266 separate fossil drawings. 


Piiblicariuiis. 



rAB'i' i.j 


(jewral lieporl for 1027. 


Map section. 


riiotojiiupliit section. 


The plates for two volumes of the Memoirs are ready for publica- 
tion and plates for two more are in course of preparation. 

The preparation of the new gcologiijal map of India, scale i inch 
—32 miles, has not proceeded as rapidly as anticipated. Minor 

, . ... .... alterations to the geology and a modilication 

(leoluiiicul Map of India. j . j ^ i j i i 

Ill the method of reproduction have delayed the 

draltsmen, but the work is procoedmg steadily. 

The card index catalogue of original geological maps has been 
liiiished and brought into use. Work on the reduction of the one- 
^ iuch-to-thc-mile surveys to the quarter-inch 

scale has proceeded slowly. 3ti one-meh sheets 
having been linished. Coloured original maps are mounted on cloth 
when stored, and the repair of old and damaged maps provides 
eons taut work. 

Tlio photographic section has been kept fully occupied both in 

the preparation of prints to lilnstratc oliicers* reports, and in the 

[ircpaiatiou ol blocks lor printing. The num- 
riniiojjrapliK ^ccdoif. 7 . j i j i j ^ 

ber oi negatives registered and added to the 

collection durjug the year was 242 against 332 in 1D26. The number 

ul photographic prints made amounted to 1,344 against 1,070 in 

lli20. 

lMU4iON 1 OLOGY. 

Dr. C. D. Tilgrim continued to hll the post ol Talajontulogist 
up to the 5th April and again fi'om the 1st August lor the remainder 
ol the year, Detween the 0th April and the 31st July Dr. L. L. 

h’ermur took charge during Dr. Tiigiim’s absence in the Simla Dills. 

{^ub-Assistant D. JVlukherjec assisted the Talu^ontologist with 
routine Museum work anti with the determination ol specimens 
durmg the year with the exception ol two and-a-hall months absence 
oil leave. Museum Assistant A. M. Ghosh has been engaged under 
Dr. Tilgrim’s supervision during most ol the year in arranging, 
cataloguing and preparmg a card index oi the specimens Jii the 
Fossil Vertebrate gallery. A card index oi the invertebrate collec- 
tions is also being compiled. 

During the year under review the following memoirs have been 
published in the Palwoniologia hultca ; — 

(1) E. Vredenburg ; “ A lleview of the Genus Gisortia with 
descriptions of several species.^’ Memoir hlo. 3 ol Vol. 
Vll oi the New Series. 
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(2) lj. F. fSpath : “ Revision of the Jurassic Ccphalopod fauna of 
Kachh.*^ l*<ai r of Memoir No. 2, Vol. IX of the New 
Series. 

(‘{) F. R. C. l^iod ; “ TJie Fakoozoic and Mesozoic fossils from 
Y^iiunau.^’ Memoir No. 1 of Vol. X of the New Series. 

(1) M. Cossmaiin and (I. Pissarro; “The Mollusca of the Kanikot 
Series (I o^edlKa* with some species from the Cardita 
ii(?aumonti Beds) revised by the laic E. Vredenburg, 
wit h an lutroducl :on and editorial notes by G. do P. Cotter. 
Meunoir No. 2 of \''ol. X ol tlie New Series. 

(d) (J. !<]. Pilgrim: “A Siv:M)ithcva]s palate and otlier Rrimate 
bwils from India.” Vol. XIV' of the New Series. 

The lo|](»wiiig papiTS of jiahuoidologienl infen^st have appeared 
in the Records: — 

(1 ) “ 'rije. |)K>trilmUofi ol the thiiiJt in India/' by (J, dr P. Cotter. 

(Vol. IdX, pi. 1.) 

(2) “ 'Fhe Age ol the so-ealbai IXuuan lanna from 'Tibet/' by 

(f. de P. ('otter. (Vol. LIX, j»b. 1.) 

(d) “ On some fossil Jndian Unionid.o/’ by Ik Prashad. (Vul. 
JjX, pt, o.j 

(I) The Lower Canine .*1 Tctraeoiiodon ”, liy G. L. Pilgrim. 
(Vu)l. LX, j)t. 2.) 

Tlie following pa[)ers of pal.contological interest have not been 
published this year but print -off orders have been issuexl for all of 
them, and they are expected to be published early in 1928. 

Memoirs in tJie Puhvrmtoloyia Indica : — 

(1) li. F. Spath : ‘‘ Revi:don of the Jurassic (Jephalopod fauna of 

Kachli.” Part If of Memoir No. 2, Vol. IX of the Now 
Series. 

(2) If. iJoiiville : “ Les Couches a Cardita Reaumonti dans Ic 

Belucliistan." Jleiiiuir No. 3, Vol. X of the New 
Series. 

(2>) E. Vredenburg : ‘'A Supplement to the Mollusca of the 
Ranikot Series edited with notes by 6. de P. Cotter.” 
Memoir No. 4, Vol. X of the New Series. 

(1) B. Salirii : “ Revisions ol Indian Fossil Plants. 1. Coniferal(*s.” 
Vol. XI of the New Series. 

(5) H. S. Bion : The Fauna of the Agglomeratic Slate Series 
of Kashmir.” Vol. Xfl of the New Series. 
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(()) G. Ifi. Pilgrim : ‘‘ The ArtioJactyla of tlie Hoccne of Burma.’’ 
Vol. XIll of the New SerieiJ. 

I’aper of pala30fifcological interest in tJie Records : — 

(1) “ A riirnio-Carboiiiferous marine fauna from the Uniaria 
Cualliejd,” hy P. R. G. lleod {\Aol. LX, pt. 4). 

During a part of the year Dr. G. E. Pilgrim lias been engaged in 
a n.'vision of the fos.'^i! Indian Carnivora. Tlu^ eolleidions of the last 
lb years have broiiglit to liglit spiT-iniens whieh not only add to our 
knowli'dge of speei(‘.s created by Lydekker, l)ut also represent new 
geiKU’a and bpi'cies. Amongst tlie latter tlie Mellivorine group of 
tlie i\liislelids are [laii iciilarly \V(‘I1 re])reseni( d, ilioiigh the material 
is unforlnnaiely fragmentary. 

iJr. L. i<\ Spalli continiu's liis revision of the Ceplialopotl fauna 
of Kaelili, and lie, as well as Miss Muir Wood and Mr. L. R. Cox, is 
studying the Cretaeijous fossils of Gault age (u)ll(‘eted in Hazara 
by Mr. (J. S. Middleniiss and in the 8amaua range of the N.-W. 
Frontier by Major L. M, Davies. 

8iib-Assistasii H. M. Jailiiri has bemi engaged during the recess in 
tlie iinal preparation lor th(‘ Press of the late Mr. Vn'dcm burg’s manU' 
st-ripts of till* second volume of the Ihist-Koi’cne AloHusea of N. W. India. 
His work has consiste»l not in the revision of the descriptions ol the 
s])eeies but in identifying llie aetua.l specimens as far as possible (many 
cvi*n now have not eoine to light) witli tdie llgures arid descriptions, 
inserting iheir localities and liorizons aeiairding to Mr. Vredenburg's 
latest nomenclature, rectifying the more obvious inconsistencies, 
and snpjdyiiig luimerous oinkssions of dates, refenmees and the like. 
Registration nnndiers have now been given not only to such speci- 
mens as have beiui ligured in the memoir but also to those unligured 
spciamcns belonging to sjiccics which Mr. Vredenburg recognized 
in the Indian (hiposits, and wliicli can be traced by his hand-written 
labels or descriptions. Tliii entire siuics is now stored amongst 
the Geological Survey of India tyjie collection, and is available for 
reference when required. The memoir has bc(*.u unavoidably 
delayed owing to this work, but will be issued in the course of 
next year. 

Last season Field Collector Aiycngar collected from the Kamlial stag(3 
of the Lower Siwaliks of Sadrial, near Khaur in the Attock district, 

c 
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an nlmosl porfret nutiuliblc of a species of Conoliyufi, proba})ly 
sitn/if;n,sis. Of <‘S|)e<iia.l irit(‘rest is the ])reftervati(ni of the base of 
th(i ciiniiie, biUierto unknown, wliich sliows a (iross-scction no less 
strun;.fly scr(>li(‘ than tliat of the h]urf>poa.ii species of Conofujas, anil 
HO (ailirely diilereiit fro]ii that of the other conteinponuy hiiliaai 
pii^s whieJi havi* a verrncosc or sub^verrucosc cross section. Tliis 
mandible forms tlie subject of a joint note by Dr. (f. E. Pilgrim and 
Mr. Aiyengar wlncli will in the first instance be communicated to 
tin* Indian Schmee Congress in Jannary 1927 and subsequently be 
])ublished in the Ib-co.ds of 1 his Dejjarlment. 

Dr. Ihiini Prashad of the Zoological Survey of India, who has 
♦)een studying tfie fossil Unionhhr in the, Ceological Surv<‘y collec- 
tions has su])mitte(l a 2)reliminary j)a|)er containing d(‘S(‘rij)tions of 
three ui'W speides, hanicUidcnH jamninvnsis ami Indoiuua nuUall 
lelleeled by Mr. N'. C. iMittal from the suj)poscd Uj»|)cr Siwaliks 
of Nagrota, dammu, Kashmir, ju‘es(‘nti‘d by tlu' MaluuajaJi t>a.lia<luj 
of Kashmir, and J mlonaia eolle,ete<l by Mr. K. A. K. llallowes 

from the La-inelas of Nawa[>et, Hyderabad. This is j)ublislied in 
the iieejj/'ds, Vol. I;X, [;art 8. 

Erom tinn' 1o time spi'eimiais of fossil plants ohlained m the. 
M)nrs(‘ of survey opia’ations have been simt for i‘A'amination to Iho- 
lessor lb Salmi id huiknow IJniviasity. Amojigst tliesi* a fossil 
fruit collected by Dr. C. S. Eos: from the 'ri|jam Sandstoni?, 22 iiiih's 
from Sihhar, Cachar, Assam, has been provisionally assigned to one 
of the J ti(jl(Ufdn< i'o'. Some die.otyledonous leavi'S from Idle coal 
miaisuies of the Naga Hills, also collected by Dr. Kox, ])n)ve to be 
iilimtieai with the sp(*ei»’s P/fi/llitrs kantarnprnsi^ Seward [Hlv. (JroL 
S](ro. hid. Vol. XU I, p. ‘.M, J912) Irom tin* coal seams of Margharita 
in Upper Assam. 

Amongst the numerous s]>eeiniens kindly jiresented to the de- 
partment during the year or suluiiitt-ed for deti'miijiatioii the follow- 
ing deserve sp(‘cial mention. 

Major A. I.. Jdacon, V.D., of tlie, Jhirma Ruby Mines, Ltd., j/re- 
seiited a nmnber of lossil bones and teetli which were found in a 
linirstojK' envn on Hie eastern side of the Mogok valley. »Since 
of StvijiHlov onciir nninugsi fliciii we must conclude cither 
that the i«*uiains aie I’hi.stoeeue age or TUat the genus JShqodon 
persisteil into sub-Reei'iil timis. ft will be reijionibcred that from 
aiiotlui ca\e in tin* iieiLdibiuuhooil of Mogok, Mr. Bacon obtained 



(JcHcral Jic'pod /or 1927, 


19 


PAirr l.J 



some years ago a sJaill of a tariuvor(5 wJjifJi Sir A. S. Woodward 
described aud referred to a new genus to wliich Jie gave the lumie 
of Aclurcidopus, 

Another UrsoitI animal, which appears to be extinct, is represciited 
in the present collection and avvail.^ {ufl her study. The remaiuder of 
thc‘ collection consists of Iraginentary jaws of pigs, deer and antelopes, 
which unlortujiatcly furnish no j/rccase data for s])ecitic determination. 
It is ho})ed not only that lurtluT colled ions may bci made from Ihcise 
caves, w^hich promise to yield an interesting fanini, but also 
that the geology of tJu^ cav(\s and tJic nature of the cave deposit 
may be inv(‘st igat<'tl long. 

Mr. A. ll. M. Jjarriiigfon, C’onservator of Por<‘sts, Hlaing Circle, 
luiniia, siibjuiKcd for idcnitilii'iii ion a collection of fossils from the 
J*cgn Yoina, llie prcM‘s«‘ locality luung the. I)(‘d of tlie stream 
li.dt a. jnih‘ aljov(‘ j\lyaiik'nigon (I*.)' 7*2') Oo’ 25'). 'Du*, spi'.ci 

mens were examin{;(l by iMr. Ih Jh (dij)ta wlio succei'ded in 
specilieally identifyitig all but a. \(Ty f<‘vv and assigned them to (In*. 
Kama stag(^ oi tin* ial(‘ Mr. Vredenlnirg’s s(*li(‘ju(‘ of (lassiiical iotj. 
Two sjH'cjniens (Ctjfh /fc cl. ( rarlans, ('o.'-i'.rn. and a (duvilithcH n- 
laled to (\ M',inh*n(ns} ai'e judbably new };f)r‘ei»'s and Jiave be(‘Ji ro 
laij)(‘(l lor turlJier cxannn.d ion. The remaining sja‘cimcMS an^ of 
])reviously desciilx'd spe( i(‘S and inclnde 
Noi'ti., CofKis {L(h'{n(‘(fH({s) hijniHts Mart., SfU'cala 
plhu^tita \Y'tw|., Ditllta {Unti hfj(ow<t) bailill({ii.('a \ PharoUnna cl. 
n7.*( t Martin., Mu Im juift/n'nsts Vied., liumAhi ('^) javn/HH Martin, 
Dnllfti {(.rdcliyloitin) /{(dxt Vved., Cidarls s])ine, Naliva [Nalkiiia) 
ail. LliHiicdln, Dchli., loLnltfuKs, Noetl, Oliat (tSlnp/iona) 

rnLsii'dhs, J)u(')oo \a,r. aaht'a Vrc'd., Olinu-dbu'ni ( lifnriivia) [HUjodiibi 
Vred., Dioiic fJHtlifjd/ilh Xoell. var. tn'otaduris, and 

OdhU’d sp. 

Some pooily pK'.sci’ved lo.s.dl sprcimeiis wen* obtained by Mr. 

i). ])ahi (iundit of tlic Whiti-haJI Tetroleum Coipoiahon Imm the 

oil-bearing vstrala of t<he Naga Hills, :> mill's south-west of Nichu 

(Juard, a point on tin*. Kohima load, 9 miles from Manipur Jicad 

Station. The fossil hed is .said to lie 2 (MK) feet (,m* more above a 

Niuminditie horiz >n, Sul) A.s'^ist.int- i\ Isi. Mukiap e lias diseovered 
a very closi‘ ailinily between a few shells in the collection and Cyraui 
{JJalis'fia) crmrjufdij a, specirs which cliaracterizes th(^ tojmiost bed; 
of the lV‘gus at Yenangyaung, Burnia. This suggests that the 
Naga Hill bed may bo of the same age, 

V 2 
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/Vuotluir .simill coIl<icbi()]i of fossils Irom Assam in an equally 

had coadition lias Ixicn in tiio Jiands of Lhe Pakeontolojrist for 
ex iininatioii. 'riie locaJiLy is N. W. of KaiicJiaupiir, about ‘Jo miles 

S. S. W, of Jiadarpur, iu f!ie (JaeliiU* <listri('!; ami about 4 rail(‘S 

W. S. W. of JlaiJikaudi. Ur. (j. .S. Fox visited it vvitii Mr. II. xM. vSido 
of the liurniali Oil (jompaiiy and collected the specimens. Amongst 
them iMr. P. N. Mukeiji^e found only two which adniiti-ed m any way 
of specitic <letermiiiabion. These arc two species of iMciocardia, 

of which one is elosi’Jy allied to McloCiU'dia nuiULOidijans Noetling, 
while the otljer is Jlevv^ ;Vt)etling recordf‘d the s])ei'ies M. /ncldviil- 
(/(iris from his zones of M/jt/Ios iikobanaiH and of MoiocanUa }acta- 
Vdtfpu’iSy both Uom Singu, Ihirma. Vredenburg eorrel.ited the Singii 
stage with tiie L)pp(*r iSa-ri of N. VV. India ainl, theuetore, regarded 
it as the equivalent oi I he Chiittian of ihirope (Upper Obgocene). 
yince the fossils oi'cur m eon.>iilerabie iiumbeis at this sit(‘. it 
is hoped that Ix'lter pr<‘.'erved specimens nniy reach ns bciforc Jong, 
which will permit of a more satisl.ietory eitimate of tiie gc'ologieal 
age. It will be remembered that Mr. Vhedoniiurg attem[)ted a 
provisional correlation of the Tertiaries of Assam in l!)21 (/iVc. 
(IcoL iSurv. [ml, Vol. iil, pp. o.hKVo), but the scarcity of fossils and 
the diilie-ulties of geological investigation m this densely fori'sted 
region givc's an (ixcepLiuual inc(in\st to fossil occurrences such as 
the ones whicli have been recorded above. 

A collection ot fossils made by Mr. JL U. Thomson from the 
Agglom(*ratic Slate senes of the Bren spur near Srinagar, Kashmir, 
possesses (jonsiderablo interest. In the lirst place the spticimons come 
from a locality, in which though the Agglomeratic iSlate series has been 
mapped by Middlcimss and Jiion, no iossils except Fcmstclla have 
been recorded, in the second plaice the species are enthely dillcrent 
from those whicJi Jiioii lias d<‘S(Tibed from other exposures 
/nrf. New >Ser. Vol. XJI). This diifereiice may be due to a varying 
local facies, or to a difh^rent age. The latt(;r explanation would 
accord well with Middlemiss' view (o//. nt, p. 12) that these beds 
occur at varying horizons in the diil'ercut sections. The third 
feature of interest is iliat undoubted evidence of glacial action iu 
the Agglomeratic 81 ate is liero found for the lirst time in the pre- 
sence of striated and facetted pebbles. Mr. Middlcmiss {op, cit. 
p. 4) has already sugg(,‘sled a glacial origin lor the Agglomeratic 
Slate, but was on the whole inclined to reject it iu favour of explosive 
volcanic action, lieticularia limxUa, Martmiopsis and other Jirachiopoda 
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omir in Mr. Thompson's collodion as well as nnmoroiis liamolJibran- 
chiata. It is proj^^sod io have Iho r(»1Iection r]oscril) 0 (l and figured 
at a snliscrjuont date. 

During the cailv ]iart of ilie fidd-soason, Rnh-^ssistant L. A. 
Narnyana Iyer, ^vas de]aito<l in inalc(‘ a. fiirtlior oxamination of the 
patches of I'pj^er (Joiul^sana rochs along the hhst C’oast with a 
View to (draining, if ]^ossil'J^^ a more' r('])rr'sonta.tivo collection of 
llic niarin(‘ cldni'nl of llu* nii^fd assfnddacc of land ])lants and sea 
animals. Th(‘ on1('ro]>s are al! cast of iho gianifo honndary and 
covered 11 ]) (ifher by laiorifo or black cotlon soil. Ex]Kisnros are 
].'Oor and siiiiulinne limi1(d io maiorial firnn roccnily dug wells. 
The 1 eds are \cTy tliin. and have a c(TiiK' oi* lolbng dip. Of iho 
four gT(:n]is of c>]'osmrs onniTMTabd ly Mr. Pnico Foot** throe were 
invesi igai(‘d the'. Kandnknr. ihe Ongolo ami ilio Vemavaram-Pnda- 
vada. rVc'in ihe latUr many s]H-cini<]is of ]'lant remains and marine 
fossils wore colhctcd. TIm' laiior aio not well ]‘Tcseivod. but as 
their s])r(n’iic idi'ntiiication has not y<‘t been attempted, it will bo 
snflicidit to ennnioral(* ilie genera provisionally determined. These 
are Ia< 1((, Ludna, Osh'ita, Fuoai ra, Pccti}}, Avcdhi, Ana^ Tdlina, 
Cyrena, Lima (casts), a donbtfid TrUjonm, Canlivw, Pronoella^ 
AJecfnjoviif and l^alclhf (several spedes, large and small), 

Nal'lcu (easts), several species of Phyvri/ovdia and Terehratiila ^ 
a.iid fragni(‘nis of behannites and ammonifes. 

Mention vas made in ihe last rieneral Deport of certain black 
disc-shaped maikings eollected by Mr. Jones in 1921 from the 
Vindhyan rocks of Kconiuch and sent io verions authorities in the 
United Stales for opinion. The opinion of Dr. P. D. Walcott, 

Dr. E. 0. Ulrich, Dr. D. S. Dasslcr and Dr. V. K. Dosser of the United 
States Natioiia! Museum is that they ; re inie fossils and definitely 
brachiopods agreeing most closely witli oims of Acrothele from the 
Cambrian. Professor P). F, Howell, of Pr neeton University, on 
the other hand, is more in favour of their being ])Iant remains, sineo, 
when heated, the shiny film of the fossil — wdiieh is evidently the 
only part of the original organism tiow remaining — glows and 

burns to a grey ash. A piece of the shell of a Middles Cambrian 

phosphatic s])ccimen of Acrothele, when D'ded in the same way, 
did not burn. Professor Ilow^ell remarks on the fact that there is 
no certain evidence of a beak or of any of the other features 

characteristic of Acrothele shells. He suggests that if the 
Vindhyan fossils are animal, they might be flattened phosphatic 



Itcrfxrd,^ of ihr. Geological Harvey of India, [ Vol. LXL 




sIh^IIs of vory primitive, proluibly pr(‘*Cnml)riiin, Hnnils, and that 
lIu'Y idsu r(‘Si'nil)l«' .sona^vvluit the op^Triila of errtain (^anihrinn 
])l-rioptKls. I’lieir i(h‘nlili(nl ion, tln'n'foro, is still somewhat doiil)t- 
luL nllhoui^li Ilirn; serins li) hr a. ‘.nsirral (ionsiMisiis of opinion that 
the spi'ciniens aro laaihiojUMls ol Aoofinir allinitiivs. Tlie Huki't 
Slj.ilrs in ^vlli(■h liny (a‘Ciir an* fomul hian-alli th(i Kniiunr sandstone 
near Nernnieh. The Kainmr sandstoiu^ is normally the base of 
tin' nj)ja‘r Vindliyans, l)ut, ac'iiordin^ t-o Dr. Ibaon, in the Neeimieh 
area the. Kaimni' saialsIoTu* is sueeisslrd in desetnulin^ order by 
1 Im‘ SiiK'rt Sliales, the i\iml»ahera Limosloni‘, tlni Nirnhahera Rliah's, 
and a very loi'al basal eon<.»lom<‘rat(' at hhori a.nd Malan, with no 
break in the sm^eession. Dr. Ib'ron would regard the abovi* beds as 
a loeal downward e.vtension of the Upper Vh’ndhyan.s Ix'low the Kai 
miir SandstoiK'. An all ei nat i\ (‘ \ awv is to regard th(i Kainmr Sand- 
stone as the lowest division of tin' U{»])er Vindhyans and the Snket 
Shales as th(‘. top of the liOW(*r V^indhyans, th(‘ Nimbahera Linu'sione, 
Kimbahera Shah's and Khori-lMalan Uonglonn.'rate all finding a 
phui(i in the Lower Vindliyans. 

During the year jnestnilatioiis of fossils were mad(* to the follow * 
mg institutions to the- Indian Sehool of Mines, J)hanbad, a 
series embraeing represent ati\ es of most of the invertebrate? orders 
and exteruling from tin* (jandnian to tin? Plioeime ; to th(‘ Dejiart- 
inriit of Zoology, Allahabad Ihiivmsity. a. similar series ineliiding a 
f(wv v<‘itebrate, speeies ; to the. llritish Museum (Natural History) 
dii])tieates of fossil niainmals, ehielly from the Locene of Jhirma, 
and easts of certain mammalian skulls and jaws whirh it is intended 
to figure in futiir(? publications. 

MINBRALOOY. 

A doubts was raised during 1927 by Dr. Peaeoek of Glasgow 
whether von Waltershanseirs term palagonite (bSlb) is applicable 
to th(' material to which this term has been 
siOes^ i'liloiopfi.Tiic Deccan Trap basalts and similar 

rocks in othru* parts of the world. Dr. Fermor, 
in his study of tJic })asalts of Bhiisaw^al, has already drawn atten- 
tion to the similarity Itelwcen chlorophadle (1825) and some pala- 
gonite, and a paper by liirn on the comj)Osition of chlorophaite 
is appearing in these Jieeords. Using four analyses of chlorophreite 
from Nagpur, Edinburgh, Heuir Mohr (Island of Rum), and the 
Giant^s Causewliy respectively, Dr. Keimor finds that the following 
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general formula can bo devised to interpret these analyses : — 
2Uld).r>ll,O,.20SiO,+;.>(RO.lLO) [-(80 -bOH >0. 

The water in the last term is that driven o/l' ))clo\v 100'^ to llOX*.^ 
whilst th(i water in the (jtiun* two t(Tms is rJia.t driven off above 
I lie temperjitiire inentioned. J)(\signating these as non-molocular 
and mole(‘ular water respectively, Dr. Ferinor ])oints out that the 
abov(‘ formula sliows that in chlorophioite Uicre is this curious 
relationship between non-molecular and molecular water, namely that 
for (‘ach increase of I unit of molecular water there is a decrease 
of 1 units oi non-niolecular water. The sjieciftc gravity and 
refractive*, index increase with the. value of o. The palagonite of 
lei'lnnd is found to conform to this formula and lienee it is doducivl 
that tln^ term pala-gonite has hron correetly used in the terminology 
of Deccan Tra[> basalts. The term chlorophante has priority and 
if the use of either terin wcr(i to lie discoutinui'd, it should lie pala- 
gonite. Dr. Fciinior advocates, however, that chloroplueito should 
b(i used in a strict'y mincralogical souse and tliat palagonitc should 
be r<*tained with a more comprehensive scope in accordance with 
whicli it implies not a deiinito mineral but rather a secojidary hy- 
drous rock of which chloroplueite may be one constituent. Pala- 

gonitisation is, then, the process by wliich this alteration, is produced. 

Some years ago whilst studying the coals of the Korea coal- 
held, Central Frovinees, (Memoirs XLI, part 2, lOld), Dr. Fennor 

Specific ijravlty-ash a definite relationship lietwccu asli 

relationship of Bokaro contents and specific gravity. On taking up 

the geological survey of the Bokaro coal- 

field (1916-17) he found that a similar relationship ai)plic(l to the 
coals of Bokaro. After eliminating certain discrepancies a definite 
empirical rule can now be formulated by the use of which it is clainnd 
a prospector can determine in the field the approximate ash contents 
of specimens of coal. The rule is 1 near and. is as follows : — 

a=(^~X')Xl00, 

where n=the ash contents of the coal, //--the specific gravity of 
the coal and A'— the specific gravity of ash-free coal for the field. 
A paper on this suggestive and intercvsting subject is appearing 
in the Records of the Department (Vol. LX, p. 313), 

Empire Mining and Metallurgical Congress. 

The second Triennial Emi)ire Mining and Metallurgical Congress 
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was held in Canada in August and Sopt(‘ml)er 1927. Mr. 11. C. Jones, 
Assistant Sii])('rinton(lent of tln^ ()('oIo;.!i(*al Piirv^oy of India, was 
deputed to ro])Tesent his (le])artinent at th<'. (N:)ni'ress, but luis not 
yet returned from leave, nor su1)mittcd a n'port. 


Simla Hill Slates. 

Durini^ the sprint of 1927, aeeordiiiLC to ])lrin, T3r. (1. Fi. Pilgrim 
and Mr. W. f). \V(‘st tc'shuumI work in the lUM^libourliood of Simla, 
the former mapping Ili(‘ eounfry to the west of ilu* Simla motor 
road, and th(‘ latter that lietween the Simla motor roa,d and the Ciri 
river. 

The hij^lily metamorphosed schists, rpiartzitc's, and carbonaceous 
limestone and ])liyllites of Simla and Juto^h, to which the name of 
Jiito^h seri(*s has ])een ^ivon were found to foirn an isolated out- 
crop vse]>arated from the similarly isolat(‘d out(TO])s of Ohail and 
the Chor. Tlie boundaries of the outcrop have been followed 
north-west of Simla to Jlah),*^ (T)honii Stat(j) and tlien south-east 
to about midway bcdwecai th(‘ motor road and tlie Ashni river 
and thence hack to Simla. Within tlies<' boundaries two carbona- 
ceous bands hav(' been n^co^ui/ed, though tlH‘y have, not every- 

where been inajipcHl. Ijoth bands contain carbonaec'ous linu'stono 
at intervals, thoii^di in neither of them is it invariably present. 
These ar(\ consi(h.‘red to represent the same horizon r(‘peatod by 
recumbent folding. 

The Juto"h series has Ixaui found to rest everywhere on the 
Ohail scries, tliou<i;h in Simla, itself the hitler thins out to some .‘10 
feet, which were uuit(*d by ttldliam with tlx; Jakko carbonaceous 
slates of the Jutotdi scries. Tluj Ohail outcro]), like that of the 
Jutoghs is isolated from the Ohail' beds of tlie Chor area ; it extends, 
however, much farther to the south east and almost reaches the 
Oiri river. The eom]H)siti()n of the I.mxIs closely rese?ubles that of 
the Ohail seri(.\s of the thor area with one important exception : 
namely, that a lower horizon than any s('.en east of the Ashni river 
is exposed almost continuously from that, river to Halog. These 
lowest bods arc grey slates and bandcMl Umestomis. The latter 

were correlated by Medlie.ott with the Blaini on the Sairi road 

and were mapped as such by McMahon {lieo. (kol. Surv. Ind., 
\"ol. X, pp. 204-22.3 (1877)) wherever they occur. 

Dr. Pilgrim now has litthj doubt tliat the banded limestone 
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wost of the Toils and 7 niiJes v^.E. of Chakrata is identical with this 
Chail LiITU^storl(^ and docs not helcmg to the Jiito^'h .scries, accord- 
ing to the view whicli he jnevioiisly held and which was mentioned 
in the last Animal Kcjujrt (p. 22). 

To the north-east of the Girl the characteristic quartzites and 
conglomerates of the Jaunsar scries crop out in two bands on either 
sid(' of and dipjung under the Ohail outcrop. ]\Ir. West has shown 
tliat the Jaunsais of tlie Simla and Chor areas are almost separate, 
but not quite as is (he case with the Jutogh and ('hail series, since 
a very narrow outcrop of them runs across the deep bed of the Giri, 
where for tlie most part only the luuh'rlying Blaini or Simla Slates 
are (‘:xposcd. Mr. Wot had already shown lhat tlie Blaini dies 
out between tbc Giri and Ashni rivers so tliat the .launsnrs rest 
on tlu‘ Simla Slates. Dr. Filgu'ini has found that on ihe same line 
to the north-west, it r<‘a]>j)ears, but is very imoustant and always 
thin. On the other hand the northern outcrop of the Blaini, wdiich 
Mr. W'cst has (oIIowkI frrm the (^'iri to Simla, generally disj>!ays 
tliat series in an nnintcrnijAcd and typical development. 

Botli tlie liands of Jaunsar numlioncd above tliin out and (inally 
disapjH*ar, wlicn tioc'cd to the north-ea.st, and the overlying Gliail 
IxhIs overla]* them on to tin'. Blaini or Sinda Slates. Along the 
same bonndaiy south of Tlalog, Dr. Biigrim lias also identified 
a thin l^aud of tlie Sul athu series, consi.'^iing both ol the lime- 
stone- here almost nn fossil i I erous — as wn'll as of the ba.sal jnsolitic 
laterite. 

The three unconformities, referred to above fully coufirm tlio 
conc.lu.sion previously arrived at, that each of them n' presents the 
trace of a thrust-] Jane. 

Dr. IMlgrim appears to have demonstrated tliat the t'hail and 
Jaunsar outcrops ar(' each isosyuclines of which the north-ea.st eni 
limbs are missing eitlicr wholly or in part. South-west of IJalng, 
the area between the. Jaunsar tlinist and another thrust which 
is assumed to be the continuation of the Giri fault, is also occupied 
by an isosyncline, of wdiich the core consists of Simla Slates with 
Jiiunsars on edher limb. This in its turn is thrust over a folded 
series of Blaini and Tnfra-Krol wddeh stnict.urally se(mLs to be in 
continuation of the Krol Hill. 

Dr. Pilgrinds interpretation of the geology of the country between 
the Mabasu, ridge and the Shall peak diffi'rs considerably from 
Captain ralmor’s, a brief account of whose work was pubbshed 
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in the for J0*J() Geol. Surv. Ind., Vol. LITT, j). 10). 

Il('. regards tlui Nunnnulitic biuls as 1111(3011 formable to the Madharn 
Slates and folded in with thcan ; the latb^r seri(3s are probalily 
Jainisar. The e\tenslv(» outcrop of slates and lenticular banded 
linuvd<»ii(‘s oveilu*,. I h(‘ Abidh.in Slates w.is (-oirelated with the 

lowest Chad liorizon, the ii]>per beds of the Cliails being rejircsentol 
betwe(*n Matlana and Narkanda by pliyllit(‘s, tal( 3 ()se schists and (piartz- 
scliists ; th(‘ whole se(juene(‘ Is <iisposed in a series of isoclinal folds 
\Nitliin which occasional beds of a white (|iiart7jte, correlate! with the 
daiinsaT, have bevn ])inch(id in. Ilalf-a-mile from Narkaiida th(?so beds 
are ov(‘rthiust by highly metamorphos('d mica-schists which ani corn' 
latc'd with the Jutogh series. Of Captain Palmer’s t wo alternative sug- 
gestions (1) that the limestone and slate seri(‘S is Koceme, (2) thai 
it is older than and thrust over tlie Madhan Slates, J)r. Pilgrim 
supports the s(3eond. JJe claims to hav(‘ re(30gnizcd the thrust- 
])lane between Mashobra and the Nauti riv(3r, wheni the Chail 
limestone and slate series rests on some cmlionaceous slates whicli 
]>ass u[) conformably into the Shall Lim(\ston(i. lie favours an 
age for the Sliali Limestone iminediabdy succe('ding the >Simla, 
Slates, and r(\gards it as probable that the Madhan Slates ('Mau]is<u) 
are thrust owr the Sliali Liimvstone and do not ov(.‘rlio it in 
normal succession according to Palnmr’s view. At the sam(i tinu* 
the evidemai at presimt available is not sullieient for a didinitf' 
primoiincement on either fxunt. 

On the other hand tin* Naldara Linu'stone is considered to occur 
as lentich'S near the base of the Simla Slate series, and to agree 
lithologically, with the so ('all(*d Ka,knrhatti Limestone north of 
Siibathu. 

It is unnecessary to describe this work in greater detail here 
since a paper on the geology of the area has been submitted by the 
two authors and will be published shortly. 

It has been decided to depute another officer, Mr. J. B. Auden 
to assist in this interesting Himalayan work. Mr. West will com- 
})lete the survey of the area adjoining Simla and proceed south- 
(‘astwards in the direction of Chakrata with the aim of joining up 
with Mr. Griesbach’s work in Kumaon, while Mr. Auden, after his 
initiation to the rocks of Simla, will work norfh w^(;.st wards with a 
view to joining up with Sir Henry Hayden’s surveys in Lahaul and 
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Part 1.] General Report for 1927, 

ECONOMrC ENQUIRIES. 

Buildiiix: Materials. 

Dr. Krishnaii no! os that flio slialos of tin' Iron Oro sorios in 
Kooi^jliiir I5ihar ainl Orissa aro usually plaslio aiifl ^uaiorally us(*, 

ful f(jr niakin^ bricks and })ott('ry. In tin 
jL,^raJiii<‘ area also iho wo.ithorir^" products of the 
felspar are sc(?n to bo, good clay, luit they are 
not found in Imdios of any size. 

Mr. V. I*. Sondlii rojxn-ts tha-t exposures of a compact, bochlod 
saiulstono of the. IVgii rori(‘s oc(‘ur along t.lio Yvvashe-Yiiimal)in 
road, west of Monywa (Sli(‘ot No. H\ N/l). 
'rii(^ stone is suitable for ordinary building 
purposes and can be easil)' trinirnod and shaped. 
Jt is largely us(hI by the Public Works Department in revetments 
and bridges. 

Compact rhyolitic tuffs and agglomerate octair along the same 
road and an*, largely iisial as soling ston(‘ and road metal. They 
are found to withstand the local tratlic in a satisfactory manner. 

l\rr. (\')ulson describes a big sj)rea<l of limeM-ones and a,ssociat<‘d 
calcic rocks in the soutJi-eastt'rn area of Sirohi Rtattj, Tiaj[)ntana. 

l.imes(o.ie nnd Viiriciic's will only bo iitiliznblo 

Marble, Sirohi Stale; wh(‘n tlu' present didiciilty and cost of trails- 
RajpulaiTa. hevn Buei'.essfnily (K'alt with. 

Mr. Coulson noted a white mar))!e at Ohorafankri (24'' 22' Ih)" : 
72'' 5P) on the border of Sirolii Stat('. with itanta St-ate. This 
rock has been f|uaTri(Ml in the past as a building-stone and takes a 
good polish. The amount, however, is limited and the rock is very 
variable in texture and quality ; fiirthermor(‘ tin', deposit is some 
12 miles from the nearest railway station (Abii Road) and means 
of communication arc very poor. An analysis showed the rock to 
have 1()16 per cent, of insoluble residue and 70 per cent, of MgO. 

Mr. Coulson noticed a Avhito saccharoidal marble in the vicinity 
of Perwa and Serwa (21'’ 37': 72*’ 30') where it is quaracd for use 
as a building-stone and to a lesser extent for lime. A sample 
from Perwa gave 8*52 per cent, of insoluble residue and 0*91 per 
cent, of MgO. The rock is not a good building-stone })ut occa- 
sionally blocks up to 8 feet long and 1 J feet a(Toss are quarried ; most 
of the stone goes to Sirohi City, some 23 miles to the nortli-east. 
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Two oiitcTops of a wliito »sa(;ohnroi(]al jninbl(\ soparaiod by mica- 
Kcbists, fouiul by .Mr. Conlson al. Piloti (lir IVI' : 72'" 28') in , 

Sirohi Sta,t(\ Tliis is burnt tor lime; it la useless as a builiJlng- 

stoiu', on aeeount of IImj absenec' of \vell-rlelim‘tl joints, luit tak(‘S a 
good polish. An a,nalysis showed it to contain IM7 per cent, of MgO 
and ‘b!)r» per cent, of ins<,lnbh'. residue. What is probably th(i 

same rock is fomid at Alaraichi (2b' M' : 72 ‘ 20'), in tliree iso- 
lat'd oulcio[iS (li(‘ sonth-\u_'st of (lodwaiii (21' •)>}': I'JP 27' 20") 
and fo the noi<li-\vest of Jlhilra. 0 (2T' 22' : 72'' 27' 2)0"). 


Clay (See Building Matcrirls). 


Co;d. 

Mr. ?). J>. (bi]ita renorts that ontero]is of coal were seen in the 
Yavv hmI.s in tw<» localities, < fs' <.[' ^Ir n iialf a niih' norl h-nortli-wcst 
l,mcf CI.iMdvvi., di.. <>1' (JoonyilMti Sakan {‘IT 15' :;o." DC 3(!') ou 
friu, tlie t^H)n^ ibin I etp(‘l in road, the oclu'r in the 

KyocJiin (haung, about two turlongs north-east of Jvyochin. In 
Mr, (hipfa’s opinion these beds are cd no cconornie value. 

Some worthh'ss vert.ienl seams of earhonaccuus shale, with strings 
of coal, were found in g\ jisiferous shaJes inlerbedchid in the liOvver 
Nunnnulilic limestones neai )Surg vil'-agc' aboiil. 
0 mih-s W. S. \V . of (Jainjheilpiir in llui Att.ock 
district of the Punjab, 'the grcatijst thic.kness of the carbona.ccious 
sliale and imp' ire c-oal is 2[ feet-. 


Altock district : nunjii!!. 


Copper. 

Mr. V. r. Sonrihi records the oecairrenco of veins and impregna- 
tions of mabiehiti'- an<l chah-anthite in the volcanic tilths a.iid agglo 
merate of llili ' 027 west of Monywa. The 
deposit was opened up by Messrs. Jamal J3ro- 
th(*rs but the workings liave been abandoned. 
The occurrence is about four miles north-west of, and similar to, 
that described in the General Report for 1926 {Records, (ItoK Surv^ 
hid., Vol. LX, pp. 27-28). 
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Engineering and Allied Questions. 


Mr. P. Leicester was deputed to aecompany the^Jlaugoou llydro- 
lilcctric Survey Party to report on the dam aiti-'s, resesrvoir areas, 

Raiwooa iivat..-l:kc- the Lewa-Pyagawpu area 

and llydio- 
travorsed lies 

liurma. williin the »Siirvey of India onc-iueb-to tbe- 

mile sbeetg, Nos. 1)4 il, liJ, Ul K d? tbe Tounyoo and 

Salvvt^en distrirds. 

T]i (3 iiorLbern part of biie area wa^ examined and reported on 
I'avouiably Ijy Mr. K. L. G. in but tbe sclunne has under- 

some eonsideiabie revnsjou siuet* tlieii aiid the Yuuzaliii Dam 

o 

wliicli i^ave the name ' Yiiuzaim .Sell ei tie ’ to tbe Droject is not 
undtu' eonsitJeralion at the present. 

Several alternat-iv(5 sehemes \V(‘re investigated by the Survey 
l^xrly. The works involved may be meluded under the following 
heads : — 

(1) Tyagawpii Ueservoir Area with: — 

Thelaw Klo mam dam site. 

Spillway into the Thelaw Klo. 

Kaiiaw KJo stop-gap dam site. 
iJilm slop-gap dam site. 

(2) Upper Shwegyin Uhaung iteservoir Area with : — 
Alternative dam sites. 

The low saddle spilhvay. 

(3) Lower Shwegyin Chaiiiig Reservoir Area with:-* 

Two alternative dam sites. 




trie & Water Supply 
Survey, louiigoo and 






of the 
JCleetrie 


Rangoon 

Seheme. 


Water Supply 
The eountrv 


(4) Tunnel Lines : — 

Upper Shwegyin Cliaung Reservoir to Kwdla with : — 

Upper and Lower Syphon lines at Rokotl«) Auk. 
liraiich from (i) to the L*ow(‘r Riant site above the LowaT 
Shwegyin Chaung Reservoir near the jimction of tlie 
Malaw Klo with tlie Shwegyin Chaung. 

Lower Shwegyin Chaung Reservoir (Malaw Klo) to north- 
east of Lewa. 

Pyagawpu Reservoir to the Rower Riant site in the Kaiiaw 

Klo Valley. 
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(5) Penstock Lines JiiiJ Power riant Sites: — 

Akernative. sites at Kwihi. 

Norili-\V(‘st of Lewa. 

In the Kailaw Klo Valley. 

To summarise briefly the scheme as outlined l)y the Rugineers, 
it is f)roposcd to impound the waters of the Tlielaw Klo and its 
tributaries by means of a main dam to tlie. east of Pyagawpu ajid tlie 
Kailaw Klo and Biliii stop-gap dams. The water from IhivS 
reservoir will be carried through a tunnel into the Kailaw Klo 
to join the waters of tin* Tiplu Law and the Kano Law and tluar 
1 ributari(‘s, which will be impounded by means of fhe (-pper Shwag- 
yin dialing Dam. lleii<*e it is ])ro|)osed to carry the water in a 
tuniK*] to the neighbourhood of Lewa and Kwila ; after passing 
through a power ])lant and Ihen through filter-beds, the water 
will be carrhid to Kaiigoon by a pipe liiK*. about 125 miles in length. 
It IS also prujjosed to er('ct a power ])lant in the Kailaw Klo valh^y 
to receive the watiu* j)assing through the tunnel from the Pyagaavf)U 
reservoir before it is finally discharged into the Kailaw Klo. 

1’he Lower Shw(‘gyin diaun; Da-iii eoiiK'S undc'r the heading ol 
a se[>arate selKUiie for tli*'- sup]»ly of eleidrieity alone. 

The rocks e-\posed williin the area in order of their respective 
ages arc : ■ 

(4) Alluvium, 

(3) Plateau Limestone, 

(2) Dranite. ('to. intruded into (I), 

(1) Chauiig iMagyi serievs. 

'the older giieiss(‘s desciibed by Mr. (d(‘gg as oce-urring fa-rther 
north are not met with in this area. 

(1) The dialing Ma-gyi stales, as ideiilifu'd by Mr. (Jlegg, is 
repri'sented by cpiartzitie slat(\s, shaly slates and ijuartzites. All 
grades from a dark bliKi i h*aved though broken slate to a hard, light 
coloured (piart/atc art' seen. 

In the northern part of the, area a gciitual strike N.-by-W. 
to S.-)iy-K. is maintained, a, ml the dij) varies in direction and 
amount. The series lias betai folded ahmg axi‘S running approxi- 
mately N.-S. I’litj Pyagawpu valley shows a westerly dip on the 
west and an easterly dip on the east and appears to be an eroded 
anticlLiic. The contact-altered ipiartzitic rocks bordering the granite 
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in the souib-western part of the area are jointed but baviJ revealed 
no trace of then* original strilce and dip. 

Near the granite contact the series is very highly metaiuorphos(.d. 
Near the junction of the Kano Law with the Sliwegyin Chiiung 
the slates arc converted into schists and schistose slates, while, 
farther \v(‘st towards 1‘okodo Auk, the metaiuorphisin lias been of a 
conij)lex and sev(‘ro nature. 

In the Sliwegyin Channg below hill, 3,070 and about one mile 
south-east of Pokodo Auk, there ani excellent exposures of gneissie 
(piartzite and (juartz srdiist. The gneissic quartzite has irregular 
crystals of cpiartz scattered in a groundmass of smaller (piartz 
crystals and a little acc(‘ssory tVls]>ar. Nests of pale bnrwii biutite, 
chlorite and a little magnetite occur. The cpiartz seliist has i‘long- 
at‘‘d (|uartz crystals showing strain, ranged in bands with interstiti.il 
chlorite, and a little magnetite. 

l^issiiig luuUiwai'ds tin* rocks vary considiu'ably but are what 

would be ex[»ectod within the m(‘tamor|)hie- aur*eol(i wlnu'c a s(*ries 
of sa-udstones and quartzit(‘S, with iiiterbeddc'd shale, has b(‘en in- 
t-rnch'd by granite, 'riny cumprisr* : siliceous hor’nfels, lelspathi'' 
Jiornfels (zeptyrute), felspathic graiiulite, felsit<‘, highly metamor*- 
]>hos(‘d (juarlzite with pyrites and liigirly altered shahi or sl.it(‘. 

The. wdiole is intruded by veins of quartz, ajilite. and some*, basic 
rock which lias bcaai coii\er‘ted into anijdiibolite. 

l<hom north-east of Lewa to the junction of the Kano Law with 
the Hhwegyin (hanug granite is traver*sed and tlie. (nuintrg IVbigyi 

seri('s, into which the granite has been intrnded, lies to the north. 
Al)out a mile to th(‘ south-east of Pokodo Auk tlie Chaung Magyis 
descend into ainl cross the Shwegyin (haung, south of hill 3.07b’’, 
passing noiihwards across the slate s(*ri('S to Pyagawpu tlu‘ granite 
r<‘appears to the cast and north-east of the Pya.gav\q)U valley and 
the rounded radiating sjriirs of tin* granite hills contrast with the 

parallel ridges of the. Chaung Magyis. 

The granit(‘. occurs as tine ainl ni(*(lnim gr’ained boit-ite-grariile 
wliich may possibly represent two stages ot intrusion. Associated 
with the granite are. vrdns of quartz and uj>lito aud <lykes of 
dolcrite and hornl)lcude-griiuo|>hyre wdli ])yrites and fuenjatitij. 
The PlaLaiu Liinoslonc, which is believed to bo of Permo-Carboni- 
ferous .ag(i, occurs as small outliers resting u[»on the (haung Magyi 
series. The rock vari‘S from grey to blue and white crystalline 
limestone, veined with calcitc, and occurs as jagged peaks with pre- 
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cipitouH tula-covcTcd slopes. The occurrences mapped by Mr. Lei- 
cestcT are : — 

(u) Kitlici' side of tlui Kailaw Klo, three miles due south of 
Lyagavvpu. 

(/>) A small outli(‘r in the Kailaw KIo valley .south of (a) 

{r) (Jn tile left bank of the Tiplu Law near its junction with 
tfie Shwep^ym Cliaung. 

(r/) In the bed of tlie Thelaw Klo ni Fyagawpu. 

Tluns' appi'ar to liave been two })ha.s('.s in the tle])o.sitioii of the 
Alluviiun ui llie area traversed. Tlu^ ea,rli(‘r alliivinm is found to 
('omi)os(‘ (h(‘ low ilat ridges in the valleys, and consists of gra,vel 
and sand (aiopisl by a 1 hick layan* of soil. The more ree,ent aUu- 
vium is iaj)])ed eillu'r by light l>rown <Miihy alluvial eJay or .sandy 
soil with layers of .sand arid gravid of a very much fr(‘.sher and purer 
nature than that loimd on the higlier pu’oimd. 

The pioj>o.-a'd tunnel lines inelndmg ilui various alternative 
routes m.iy host he referred to under tlie following lu'ads : - 

(J) U[)[>er Shwegyin Chaung Jleservoir to Kwiia wnth : — 

(a) IJppri f {^vphon Janes at Ihkodo Auk. 

(h) iamer ) ^ 

(2) JJrarieli fnnn (i) to tin) Tower Tlant Site above tlie Jjower 
Shwegyin Cliaung lii'.servoir near the junction of the 
Malaw Jvio wltli the Shwegyin Chaung. 

(2)) Lower Shwegyin Cliaung Keservi/ir to north-west of Lmva. 

(4) Fyagawpu ileservoir to Fower Flant Site in the Kailaw 
Klo Valley. 

The timnid lines wen', gt'ologieally examined with a view to as- 
certaining (u) the , stability and immunity from falls and (h) the 
immunity from loss of water through huikagc of the ])roj)o.scd tunnels. 

(a) The tumads, Nos. 1, 2 and d, pass through granite except for 
about one mile of metamorphosed quartzitiiJ rocks, belonging to 
the Chaung I\lagyi series, which are crossed by tunnels No.s. 1 and 2 
near Ihdvodo Auk (1)7" T 15"; 18'^ M' 82"). The granite is stable 
and the joints generally cro.ss the tunnel lines obliquely. 

The jointing in both granite and the quartzite at the Upper 
Syplion Jjine is extensive, and Mr. Leice.ster considers that the 
tumiel should lie lined a.s a protection again.st falls and hialcago for 
at least 100 fact on cither side of each crossing. Two streams 
are crossed and this necessitates a total length of lining of 400 feet. 
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Th<; t'Jiinels should also be lined where they pass into the decomposed 
rock overhead, which they are likely to do if they ])ass less than 50 
feet below the surface. 

If the tunnel. No. 2, to the Lower Shwegyin Uani Power Plant 
(Malaw Ivlo) pass through the narrow point on the ridge (97° 0' 50'' ; 
18° 13' 20") the hillsides should be drained to prevent slips and 
further erosion by the temf>orary .-treains that are formed during th-i 
height- of the raniy season. 

{h) In the solid granite therci should be practically no loss of 
wa((‘r through l('akag(' as most of the joints visible at the surface 
will 1 )e (‘Ios(m 1 at tli<i d(‘|)th of the tunnel. Any op(Ui joints met 
with, ho\v(‘V(T, togethei- with the margins of (piart-z veins and faults, 
must be well grouted. 

As already mentioiuid the tunnel at the Upper Syphon Line near 
l*okodo Auk shoidd be lined on account of the number and charactcT 
of the joints in l^oth the granite and the quartzitic rocks winch might 
give rise to falls. Those joints which are open cracks in the rock, 
would, in Mr. Leiccvstcr’s opifiion, allow a great quantity of water 
to (‘scap(^ if the tunnel were not lined. 

Tin* assemblage of contact rocks grouped under the heading of 
quartzites and gTieiss are hard ; some, such as the siliceous hornfels, 
will not b<‘ easy to excavate. Tiny are si able and impermcabl(^ 
but a number of ojkui joints iiiay be expe(‘t(‘d and th(*se shoultl be 
well grouted to previuit loss of Avater through leakage. 

The decomposed granite of the district juobably extends to 
an average depth of 30 feet l)elow the surface. It is porous and, 
where the tunnel passes into it, will require lining. This is j)aTti- 
cularly necessary where the tunnels enter and leave the ground. 
A loss of head on account of the friction caused by the rough 
surface of the granite is anticii)ated. 

TnniK‘1 No. -1, from Pyagawpu Reservoir to the Power Plant 
Site in the Kailaw Klo valley, is G.IOO feet in length, has a direction 
N. 20° E.- S. 2(1° W., and passes through a ridge of shaly slate 
which has a general direction N. 20® W.- S. 20° E. The strike 
of tlie shaly slate is N. 15° W. -S. 15° E. The dip was nowhere 
visible, but it is presumed to be westerly in agreement with the dip 
of the slates in the same ridge further to the north. 

The ideal section would be one in which the direction of the tunnel 
line were at right angles to the striktj of the rock. In the present 
case the tunnel line crosses the strike obliquely at an angle 
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of 11" wliicli wliould bu riuliicicntly lurgo for the stability of tlic 
tunnd. 

Mr. Lilc.cst('r innarkri that ilimi should be no necessity of lining for 
the jaevention of falls in th(i hard slate, but \vh(n*e the rock is decoin- 
|)o.s(mI or soft, at the entraiux; and exit, the tunnel will need lining. 
The tunnel should have a circular outline and the walls should bi'. 
made as smooth as possible to prevent the wattn* under pressure 
from [iressing into the cleavage plaiies of the slate and tearing oil 
small angular fragments. It is presumed that the water passhig 
through the tunnel will not carry large (piantities of silt coarser than 

mm. in diameter. 

IIk' tunnel should be satisfadory and sale from falls iindm* a 
head of 50 i(‘et as re([uired. The rock is im[)ermeable and there 
slioLiJd be no fear of loss of water through leakage.. 

The ruck at the Upper Shvvegyin C-haung dam site is a medium 
grained biutite-granit(i traversed by dykes of hornblende granophyre 
and occasional ()uartz veins. Th(‘ general direction of the joints 
IS parallel to the diroclion ol the dam line. About liall-a-mile to 
the Jiorth and north-west slates overlie the granite; liiese are 
tli(‘ slate facies ot tlu‘ series of ([uartzites and slates iiunitioned by 
Air. Clegg 111 his report as probably belonging to the Chaung Magyi 
series. 

Most of the granite at the dam-sit(} is decomposed to consider- 
able dejjlhs, and trial pits along the main dam line on tluj right bank 
leveal solid granite betwiaai 18 and 33 feet. On t.lie left bank, 
which is particularly unpromising, no solid rock has been reached. 
TIkj slope, unlike tliat on tlic right bank, is backed by a very sU“(ip 
ridge rising to a luaght of 4,000 feet above sea level. The lower 
slopes are partly C()mpos<‘d of ncree, and llie granite has been greatly 
decomjHised by Ike wati'r (‘ollectcd on the ridge behind. It see.ms 
that all this waUa* docs not reach the main ehaiuuj by streams but 
soaks into the iiillside wJiicli forms the left bank ol the Siiwt'gyiu 
Chaung at the dam site. The decomposed granite is pojous and, 
owing to its sandy nature, is liable to be washed down by running 
water except where is thickiy covered with vegetation. 

The imiform nature and extent of the decomposed granite renders 
it comparatively iminime from slips, the only danger biaiig lliat 
cd the washing away of the loose material near the surface. 'The 
decomposed rock on the right hank is more compact and tlierefore 
mure stable. The ground above the dam on either side should 
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be drained as far as possible in order to minimise furtlier decora- 
position and prevent water from soaking into the dam from the, side. 

From a geological point of \ievv Mr. Leoeistor considers the line 
to bo unfavourable?. Tlie construction of a dam upon debris and 
semi-porous granite is objectionable, and to reach solid rock the founda- 
tions on thel eft bank would have to be sunk to a considerablt de])th. 

The alt(iriiativ(? line, across from the small stream-course on 
the right bank above the main dam lines to the stream-C(jur8e on 
tlio left J)ank, rep eals bare rock throughout nearly the whole length. 
The granite in the small stream-course on tlie right bank is a little 
ctushed and one or two jvorous fractures are visible. If, however, 
tlie foimdations of tlie centre wall of the dam are sunk well into 
tl\e rock there should be no trouble from leakage*. This line has 
tlie disadvantag<* of necessitating a long and irregular dam. In 
the case of a li]ie from the streani-course on the right bank straighi 
across to the rising ground on the left bank, although there is con- 
siderable saving in length of the dam, the rock on l.lie bdt bank 
at this point is little better than that on tin? same side at the main 
dam line. 

On the right bank tlie depth at which sound rock will be found 
is known. It is rev(‘aled by the pits on the main dam Une. It 
seems that the best line would be one from the stream-course on 
the left bank across to the hillsides on the right bank. 

The bed of the, U})p(T Shwegyin (’iiaiing Reservoir, from tin? <lam 
line np to Longiludc 97^ (>' 30" and up to the Kano Law Jth mile, 
from its junction with the Shwegyin Ohaung, is composed of granite. 
Slate occurs from Longitude 97'^^ 0' 30" u]) the, S]iw(*gyin Chaung* to 
the junction with the Tiplu Law. The rock u|) the Kano Law is slate, 
and slate forms the bed of the Kailaw Klo within the*, Resiavoir 
area except for some limestom? just imrlh of tin? meeting of tin,* 
'J'ipUi Law with the Shwegyin (’haiing. This limestone is young(*r 
than the slate and ovcrik's it. It should not be tlu; cause of any 
leakage. 

Mr. Leicester reports that both the granite and tlie, slate arc 
impermeable and arc highly suitable for the, floor of a resi'rvoir. 

The Tiplu Law flows on granite and through alluvium resting 
on the granite, but near the village of Kawleido (between Lais. 
IS'’ 15' 5" and 18° 15' 20") on the riglit bank of tlie s' ream, is a 
hill of limestone ; this is apparently outside the reservoir area 
sinLO the 2,000-foot contour is much lower down stream than is 
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shown on the one-inch map. Field evid(3nce is slight l)ufc cvn'i) 
if the water were to come up as far as this point it is unlikely that 
any considerable quantity would be carried out of the cateliment 
area. 

The banks of the reservoir are stable ex(;ept at the (Mid of tlui 
ridge on the right bank of the Shvvegyin Chaung aliout one furlong 
north of the main dam line overlookitig the stniteli of alluviinn 
through which the chaung meanders. Here slips had oeeurnvl 
and further slips may be expected, but these, it is thought, will be 
small and will not have any serious efl(3et on thu reservM)ir. The 
decom[)OS(id granite which forms tlie banks of the res(?rvoir as far 
as the Kano Law is liable to be washed into tlu^ reservoir causing a 
C(3rtain amount of silting up if the V(\g(^tation lu^re be not inicou- 
raged to grow down to the. water level. 

The trial pit on tlui low saddle passes through sandy and argil- 
laceous decomjiosed granite and reaches a d(‘pth of 25^- h'c* wifh- 
oiit striking solid rock. The argilLiceous d(‘compos(Ml granite is 
impermeable or nearly so, but th<3 sandy decomposed granite is 
porous. If an imj)(,‘rm('able wall were made with its louud.iti->n 
in the clayey decomjiosed granite th(3re should l)(‘ no h^s-; of water 
through leakage, but the comiiaiMtively soft rock will give s'lglilly 
under any great weight ft is dillieult to say at what depth solid 
rocjk w<)uld be found if rt'quired. It should not be exp(‘cb(‘d at a 
lesser (h‘pth than TiO feet. 

For the liOwer Shw'egyin Chaung dam there are two alternative 
sites both of wdiich are situated on fine grained biotitc granite. 
On the upper liru* sound rock is exposed on the left bank but the 
right bank is composed of alluvium and talus with large boulders 
of granite resting on the granite. The dam foundations will of 
course have to be carried down through the superlicial deposits 
which appear to be about 30 feet in thickn(‘-ss. 

On the lower alternative dam line good nuMlium to fine-grained 
biotite-granite is exposed on the right bank and on the left liank 
is the steep slope of a granite hill on which outcrops of granite are 
visible, there being but little decomposition of the rock. A large 
bed of boulders occurs in mid-stream. 

The Lower Shwegyiii Chaung Reservoir Area lies entirely ou 
granite which is cover'd in places by talus with large boulders and 
alluvium. The granite is not highly jointed and although the 
joints cross the direction of the dam line obliquely, since they 
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arc not open cracks, no water is likely to be carried from the 
reservoir. 

The new Thclaw Klo dam line is farther down stream than the 
lino ox.T mined by Mr. K. L. G. Cleg^ in 1922, being aboul J mile N. E. 
of the V shaped bond in tin* Tholaw Klo, S.E. of Pyagawpii 
(97 ' 7' 1"; 18" 2(V 5 ). Outcrops of solid slate occur on cither bank 
of th(' stream, tin* .slt)])os of the valley are steep and stable and the 
hillsides nn* eovennl willi trees and undergrowth. Trial pits on 
eitluT slopf* have n^ached solid or Jioarly solid slate at reasonable 
dofjflis. Thougli solid unaltered slate has not been reached in 
(*\ery ease the rook met with is (inn and impermeable and capable 
of l)oaTiug eoiishh'rablo weight. The weathered slate makes a 
good impermeable clay. This Mr. Leicester reports, is an ideal 
site for an (‘art hern dam ainl should be satiriactory for a masonry 
chun provided with suital)le foundations. 

The siti*. for a spillway into tlie Thelaw Klo is in a ool situated 
1,700 feet 8. E., of th(i Thelaw Klo dam site. The trial pita which 
have been sunk along the lino show soil and residual clay overlying 
dee()m[)Os(Ml slate on either side, and the centre pit which has been 
sunk to a depth of over 10 feet ])asses through brown residual clay. 
The rock is impermeable and the sloptss of the valley arc stable, 
The site is geologically satisfactory. 

The site selected for the Kailaw Klo stop-gap dam is situated 
not so close to the divide as that previously inspected by Mr. Clegg, 
The rock liere is slate with a strike N, 22° W.“-S. 22° E., and a 
vertical dip. Tie trial pits like those at the s|)illway reveal clay 
and decomposed slate. The sides of the vall(5y are stable and the 
clay and decomi)osed slate are impermeable. The site is satis- 
factory. 

The noAV site selected for the Bilin stop-gap dam is farther to 
the south than that previously c.xamined by Mr. Clegg. It is 
situated about I mile N, W, of the point where the Bilin Chaung 
reverses its direction from a northerly to a souther’y route, about 
2,,^ miles S.E. by S., of Pyagawpu village. Trial pits show a 
capping of soil followed by alluvial clay with iuterl>edded gravel 
resting upon the residual clay of the slate series beneath. To 
the south there is a sudden drop of 75 feet to the Bilin Chaung 
beneath, exposing a cliff face of slate capped by alluvial clay with 
interbedded gravel. It is here that the Bilin Chaung changes its 
direction from N.W. to S.E, by S. It appears that the upper 



38 


Ttrronh of the Geological Survey of India. [ Vol. LXI. 


watorft of fho I^iliii Cliaiin^ did not originally belong to that streani 
but flowed norllnvard.s into the Tholaw Klo along the now prac- 
f icjilly (Iry alliiviiinveovered valley in which the proposed dam site 
is situated. The Bilin Chaung must, in cutting its w’ay back, 
have captured th(i upper waters of the former stream. Tt has 
since gone on cutting its way downwarrls through the alluvium 
anrl the und(‘rlying slates until at the bend it is now 75 f(>et below 
th(', valley of the former stream. 

Tl)e trial pits appeax to have passerl through the alluvium and 
reached n\sidual clay and, as tlu' dam site is as much as 1,000 feet 
from i\v) clilT face, there should l>o no hiarof leakage of water through 
layers of grave]. The couni, ry rock is slialy-slate, the hillsides 
are stalde and the (day met with impermeable, so that the sitci is 
sat isf a(‘ to ry geologically. 

The Pya-gaw[)u reservoir ar<^a is contained in a long and broad 
valley, tlie northern })ortion of which runs N. — -S. and the southern 
])ortion N.N.VV. S.S.E, The Thelaw Klo meanders through this 
valley in a gcmeral westerly direction and is m(jt by th(» Pele Law 
from the north and by a seasonal stream from the Bilin gap in 
the south. 

The floor of the vall(\y is covered by thudv and fertile alluvium 
and i.he hills on either side c,onsist of slate with a general N.-by-W. 
strike. The dip is steep and sometimes vertical ; in general it 
is in(dini*d steiiply to the west on the western side of the valley and 
to the. oast on the easti'ru, thus indicating that the Pyagawpu valley 
is probably a denuded anticlimy with its axis running N.-by-W. to 
S.-by-K. 

In the centre of the valley blue and white limestone crops out 
in th(i b(3d of the Thelaw Klo. This limestone, like that in the 
Kailaw Klo valley and the limestone described by Mr. Clegg in 
his report on this area in 1922, would appear to be an outlier of the 
Platt'au Limestone which originally covc^xed the area. The lime- 
stone is situated completely within the reservoir area and, being 
younger than and lying on the top of the slates of the Chaung Magyi 
series, it cannot be the cause of any leakage. 

Mr. licicester finds th:it both the floor and the walls of the im- 
])Oimding area are imj)ex’meablc. The alluvium is mainly argilla- 
ceous and only slightly arenaceous and the foundations of the dams 
will in any event be carried down to the impermeable slate series 
so that no leakage need be anticipated. 
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The slate aeries also forma the walls of the impounding area. 
The dip ia outward ])ut, as the aeries is quite imperniealde and there is 
j)0 trace of faulting, the rocks should ])rove quife water-tight. 

The hill-sides are stnhle and not lia))le to falls with the excep- 
tion of sniall nninqjortant earth slips which may occur on the west 
side of the valley just norih of the site for the intake of the tunnel 
to the Kailaw Klo power ])]ant. The reservoir area ia reported 
as gerdogically sal isfactory. 

The row(‘T riant sites and Penstock lincvS examined w^ere in 
every case satisfactory g(‘ologically. The Penstock lines, except- 
ing the line in tin', Kailaw Klo valley, dcsc(*iid stoop granite spurs 
covered by large granite boulders whicli appear to be firm and are 
not lik(ily to fall except in th(' <went of an earthquake of cxcei)tional 
s(‘vcrity. 

'I he liin‘ to the Jk)wer Plant Site in the Kailaw Klo valley 
descends a hill -side of slate which is stable and not prone to slips. 
The power plant sile is situated on firm limestone, near the, left 
bank of the Kailaw Klo. 

The Lewa-Pyagawpu area displays the most striking changes 
brouglit about by chemical decay or decomposition. Humic acids 
a])p(‘ar to be- responsible for very considerable rotting of the rock. 
Mr. Leicester notes that, from a study of the trial pits sunk on the 
irj)|)er Shwogyin Chaung and Thelaw Klo dam-sites, one cannot 
])ui- notice the groat depth to which the rock is decomposed on the 
thickly woodi'd hill sides, and the comparatively fresh condition of 
the rock in ajid near the b«anks of the streams wher(', the ground is 
well drained and the rock washed by the comparatively fresh water 
of the stT(\nns. 

It has been observed that though the trial pits sunk in the course 
of tlie work carried out by the Consulting Engineer-^ in the Lewa- 
Pyagawpu areas originally reached solid rock, in many cases the 
rock at the bottom of the pits was found to have become soft after 
a short time. This is undoubtedly the result of the action of humic 
acid carried by percolating water. It appears, therefore, that in 
order to preserve the rock from decomposition it is necessary either 
to remove the vegetation which is the source of the acids or to design 
a system of drains which will prevent the acid surface water from 
coming into contact with works such as the shoulders of dams and 
the entrances and exits of tunnels. In the hot and very damp 
jungle of the reservoir area dense undergrowth springs up in a very 
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tthort time .so that to koop the hill-slopes perpetually cleared would 
involve eonsidcuahlc^ labour and heavy ruaiutenanco charges. Mr. 
lioieesttT agrees with Mr. 1^. J. Bradshaw that in practice it will 
lx* found best (o (*llect a (*.om[»romise. bebw(x*n the two methods. 

Owing to the decomposed state of the surface rock the da?i[ia 
will necessarily have to be carried well into th('. hill sides until solid 
impermeable rock is reached. The hill-sides above the engineer- 
ing works shoidd b(' very thoroughly draimul in ()rd(?r, as far a.s 
possible, to divert tln^ surfacjc wa.ter from the works. 

B(*sid(\s tl\(‘ ilrainage system the ground in the. immediate vici- 
nity of the*. should(‘rs of dams and sitnilar works should l)e k(*pt strip- 
p(*d of all vegedation ; in addition the ground a( the entrances and 
exits of tunui'ls should be [)rot(‘(ited wil-h concret(i. 

B(‘fore the n'servoir is lilled the ))asin .shouhl be ch'anxl of weeds 
to ])r(‘vent pollution of the water l)y a miuss of decaying vegetation. 

On the ntli August, 1920, a disastrous land-slide oc-e,urred in 
the Waller riorg(\ lU'ar Tiger Camp of the P>awdwin Mine.s, U[)[)er 

! andslip in Otc Waller carryin}' away s.weral h()usc,.s ami 

(lorv;e, Bnwdwiii Mines, eansing fatal injuries to forty-five persons. 
Namtu, lUirma. response to a re(px(‘st from the Chief 

Inspector of Mine.s to the (leological Survey of India for advice as 
to the cause of the slip and the avoidance of similar acjcichuits in the 
future, Dr. J. Coggin Brown was deputed to examine the ground 
in the month of March, 1927. 

Waller Gorge contains the coolie (piarter of Tiger Camp and is 
a narrow V-shaped valley formed by a small tributary of the Nam 
Pang Yun, the affected portion being close to its junction with 
the parent stream, and lying entirely within a group of ro(;ks to 
which Dr. Coggin Brown gave the name “ l*ang Yun Beds ” in 
1914. Those strata are in absolute conformity with the fossili- 
ferous Lower Naungkangvis of Ordovician age above them, and 
pas.s without a stratigrapliical break of any consequence into the 
Bawdwin tuffs an<l rhyolit(\s below. Th(*.y are quite unfossili- 
ferous and their age is either Lower Ordovician or Cambrian. 
Quartzites, shales and slates of various kinds are the prevailing 
rock types with the former predominating in the vicinity of Tiger 
Camp. Owing to the proximity of the great overthrust fault of 
Bawdwin the quartzites are often broken up into small cleavage 
fragments, and there is other evidence of the severe shearing stresses 
to which the rocks have been subjected. 
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As a consequence of the steep easterly dip the eastern side of 
Waller Gorge forms a high scarp in which tho l)roken edges of the 
Pang Yun quartzites are visi]>le. On the western side of tlie gorge 
the smooth stratification planes of the quartzite can he seen dipping 
at high angles into the vaUey below. WIutc the dip is not too 
steep, the rock is covc'red by a varial)le thiekness of light sandy 
soil, full of small fragments of quartzite. When the steep di]) 

is taken into consideration, it is nnnarkahle that these arwumnla* 

lions of debris ean remain for long in the ])osilion they occupy, 

for there is little cohesion in the material its(‘If. The surfare 
<‘Overing the grass and vc'gidation doiilitli'ss acts as a ])roteetive 
agency in this respect. 

Th(* rainfall throiiglinut Purina in August, Pd20, was ph<*nomenal 
and unpreee(lented. On tlu^ Hth, 15th and IGth a record 
total of (Mght-and a -half inches fell at Hawdwin Mine*,. After 
a eai(‘ful examination of the site Dr. Coggin Brown cami‘ to the 
decision that waliT was the chief cause of the disaster, which Ikj 
describes as a true soil-cap slip commencing possibly as a creep — 

th(* usual seqiiem'o of events in movenumts of this kind. lie 
points out tin* necessity of distinguishing carefully between such 
soil-cap slips and true rock slides. In the case under consideration 
tliere was no movamu'ut of the underlying rock. 

Weathered rock debris such as has been described above ab- 
sorbs rain-water easily ; the greater jiart of the water remains in 
the decoin])osetl lay(;r and, flowing along between its lowin' surface 
and tlic underlying (juartzite, iinally issues as springs at the bottom. 
The presence of large quantities of water in such niat(^rial makes 
it more mobile, the springs commence to erode tlu! ** toe,” and the 
coeffiei(*nt of friction is reduced until the mass is in a state of un- 
stabl('> equilibrium. A lieavicr biu-st of rain completes the cycle ; 
gravity asserte itself and the whole sodden mass slips dowm the 
sltipe, gathering velocity as it does so, until, like a flood from a 
breached dam, it .sweeps all before its path. In the case under 
consideration about 150 feet of railway line, with sleepers complete, 
were carricKl away and seem to have exerted a plough-like action 
which accentuated the general destruction. 

As a general rule tin? dips arc inwards, towards the valley, and 
vary from about 45° to 75°; in exceptional cases the rocks are ver- 
tical, and there is some variation due to rolling and to the proximity 
of the overthrust. The dip is thus higher than the angle of slope 
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of tho sidoH of tlio ravino. Parfcirularly notinoablo are fche big 
exp.-insos of .smooth, almonf. ]>olisho(l surfaces of the stratification 
plaTies of tlie (|ua.rtzite.s where the cov^ering lias been removed. 
Dr. (’Oggin Brown coiiid liiifl no evid^mre of .‘iny partientir zone 
of sh.itfering. Ib^ notieerl t h.at norldi of tin', .slip the .si(h‘s of the 
ravine aT(i less st(‘0]) and appear to have*, flatt(mod to the angle of 
repose. The present .slij) a[)[>ear(Ml to him to be hut a small incident 
in the host of similar evnmts which took place on tlui hills around, 
many of them on a much larger .scale. 

nill-sid(\s formed by stee]) dip .slopes and covered with porous 
soil cajis cannot bo regarded as stable in rainy weather in this re- 
gion. At the best of tim(*s they artf insecure ; during torrential 
rains they become dangerous, particularly if ;i .stream is eroding the 
foot of the slope. The hills around are undergoing activt) denu- 
dation and are changing their .shapes and contours as (piickly as 
natural agencies can accelerate the process. Phenomenal vaTi^x- 
tions in the sub-airial conditions to which such un.stablc syst.ems 
are exposed must result in unusual consequence's. The W^allor 
Gorge .slip was one of these. 

Tn Dr. Coggin lirown’s opinion drainage as a treatment for the 
case is rendered irnpo.ssilde by the local (conditions at Waller Gorge 
and he suggests that dwellings which arci in perilous situations 
should he moved to safer locations. Tie consid('.rs it unlikely 
that the prestmt slip will ertend, though a certain amount of loose 
mati^rial will be washed down during succeeding rainy seasons. 
To the north the ground is safcT by reason of its lower inclination, 
while to the south a solid rock ‘‘ toe ” is exposed h^r some little 
distance down tln^ line. As a precautionary inc.^asure Dr. Coggin 
Brown recommend.s the nunoval of the two barracks which at 
present occupy sites near the southern lower edge of the slip. 

A scheme for the generation of electrical energy at the edge of 
the Cardamom Hills, in the Tinnevelly district, is under consider- 

Papatiasam fiydro- Madras Government and Mr. 

niecfric Project, Tinne- W. D. West was deputed to examine the 
vclly district ; Madras. geological aspects of the scheme. Power is re- 
quired chiefly for the establishment of paper mills near Papanasam. 
For this purpose it is proposed to conserve the waters of the Tambra- 
])arni river where it cmerge.s from the hills by two reservoirs. The 
main reservoir will require a long and rather costly dam. It is 
more economical, therefore, to divide up the area into two parts 
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and to oonsorvft tho waters of the higher streams by a second roser 
voir further up tlu' valley, for which a shovler and clieapor dam 
will suflice. This will enable the main dam to Ix' he[)t as low ns 
possible, and will at the same time utili.s(' <lie vliole of the eateh- 
rnent area. 

The lower of these reservoirs will oeeiipy the ground above and 
behnv Mundanthnrai (77' 21': 8'^ 41'), IIk^ siiggesb'd dam site 

being the narrow ridge of rook that eaits the maiji road about half- 
way between the s('Cond and third milestone's. The dam sib', of 
the u])j)er reservoir is situated a, little south of th(‘ (‘ighth mileslojie, 
wdiere the river passes through a narrow gorge shortly afb'.r its 
junetion with the Kari Ar! 

As regards the lower dam site, its full height at the do(*.})('st 
point will be about 117 feet, ami the length of the main dee]) por- 
tion about 3,000 feet. The rocks of this district are coarse-gra.incd, 
gneissose biotite granites, rich in pink garnets. They strike 
W. 30” N. — E, 30*^ S., ?.(?. a[>proximately parallel to the length of the 
dam. Mr. West reports that the rock is sound, but wtII jointed. Tlio 
joints, thougli op(*n at Ihc surface, will probably be found to be fairly 
tight in dej)tli, thoiigli trouble may be enroiintorofl locally. One 
or two pits have been dng along the site, and examination of them 
shows that the site is quite practicable. There is also a suitable 
saddle for the discharge of surplus water. The question of cost, 
however, is an imj)ortant one in a scheme of this kind. As the 
rock is the same throughout the site, it is suggest(i<l that two doe]) 
treiichos be dug right across it, rather than a number of small ones 
along the whole length. It is thought that the information ob- 
tained from these should be sullicient to (‘nable the cost of the who1(j 
scheme to be estimated fairly closely. The local stone should be 
suitable for construction. 

The dam for the upper reservoir will have to bo about 185 feet 
high and about 850 feet long. This sit-e also is ])arallc1 to the strike, 
and is located at a point w'hcre the valley narrows considerably, 
the constriction being due to a bed of charnoekitc which has bixm 
intruded along the strike of the country rock. Tlie Litter is mainly 
an acid gneiss and has a rather pronounced bedding which 
dips down-stream at about 25”, so that the charnockite outcrop 
is V-shaped, ])Ointing dowm-stream a little obliquely. It thus comes 
about that the left flank will be entirely in charmx kite, while the right 
flank will be partly in (djarnockite (the lower two-thirds) and 
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partly on llie ar*i(l ^nioiss. ft is not antinipatcd that the junction 
of tlic two rocks will he ii source of danger, and the site as a 
w]iol(‘ was considered hy ]\Ir. West to be very satisfactory. 

The Idnjikave Hydro-Electric Project is located in the Palni 
hills, to to 'JO miles west of t)i(‘ hill station of Kodaikanal. Tln^ 

PinjiknvcIIydro-nicc- obtaimsl is likely to be used for the 

Iric Project. Palni Hills, electrification of th(‘ railway in the iMadura 

Ma,lnr«df8(rkt: Madras, ^ 

schemes, all of which howev'er, an* not absohit(‘ly ncct'ss.iry for 
its success. I’lu* ('.xai^n'nat ion of tin* ^(‘ological side of I hesi* scheme's 
also was entnist(‘d to Mr. W. I). AVest. 

About 10 fuiles w(‘st of Kodaikanal a small resc'rvoir is alre'aely 
in (‘\ist(‘n(‘c. This is situated on a low^ watershed, separatini; 
the streams with a. N.W. tn'ud from those* ile)win_i.j to the S. and S.l^h 
Tin* main idea is to impounel the AvateTs of the noil h wavste*! b - 
tlowine- streams by lour ehirns, and to e'onvey tin* w^‘lt;er by a 
flume e'hanne‘1 anel a tumn*! to the northern e'dj^e of the lulls, wdiere* 
a fall e)f about. J TbO fe*('t ran be obtaine*el. The- four reservoirs 
are names I : the IJpjx'r Koniar, the Lowa'r Koniar, the Kexliye- 
tamir and the Ihdavaehiar. 

'rhe*re‘ is an alte'rnative se‘ln‘nn* by wdiieh tin* waters colloct.e.*d 
by the Tppe'r Kemiar elam can bo conveyed into the (*xisting reser- 
ve)ir, and themce by a channel feir abenit a mile to the south-east 
of Berijam, vv]n*re a fall of about 5,000 fee*t laii be utilised. 

Tin* reicks througheiut the elistrict are nearly everywhere char- 
inie'kite*. I'ln* Lovve‘r Koniar elam silo is the emly (exception. This 
rock has ])e*e‘nliar weathening |)ro|M*rties, which have b(*coino empha- 
sise*d by tin* ve'ry long pe*riexl to whicli the'se* hills have been sub- 
j(*e*t('d to elcmielation. AVhem fre*sli it is a perfectly sounel 
granite*-like roe*k, usually well jointed. It is, how'cver, soinetime^s 
found weathe^re'd very ele(*])ly, the weathering proceeding alemg the 
joints, so that eaibical mass(*s of fre*,sh rock are*, left surrouneled 
by e omph‘t(*ly doe*omposeel rock. Mr. West re*marks that it is 
thus uot easy to predict frenn an examination of the surface of the 
greiunel the* nature of the rejck beneath. 

The* lipjjcr Koniar elam site is situated at the end of a remark- 
ably good reservoir site. Above the dam site the Koniar meanders 
through a wdde, fiat, alluvial valley, wliicdi is ideal for the formation 
ol a rt*servoir. The construction of a dam here is, therefore, much 
to be desired. The dam will have to be about 70 feet high. 
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The rocks liere, while apparently all chariiockite, show a rather 
coiispicaious bedding, striking along th(^ stream and with a stecip 
dip into the left flank. While the left flank of tliis site seems 
quite satisfac tory, on the riglit flank the rock is deeply weatliere<l and 
not at all suitable. Thc*re is a possibility of a better site further 
dowii-slr<‘am, but nothing definite can be said until excavations 
have been made. 

waters of this reservoir can (iitlier be used to supplement 
tlui waters of the other three reservoirs, or they can be usc<l s(‘pa- 
r.itely and <;onv(iyed into the existing res<n’voir at Herijam, and 
tliene(‘ to tlui south-east to the head of the pipe line. For the. 
latter puijiose it would lx; luxiessary to convey the water from tlie 
soiith-tast (Mid of the Berijam reservoir either by an open flume 
cliannel or by pipes. Information was reipiired as to the possi- 
bilities of ('illu'r ni(;thod, for the course to be lullowed has been 
the sciaie of several landslips. Kxarnination of the ground shows 
that landslips have occurred in tin; material formed by the disinte- 
gration of a banded gneiss. This proc(‘ss has proceeded very 
coinphdely, forming a soft, bright red, powdery substance contain- 
ing patches of kaolin. It is this material which lias slipped, not 
tJie fresh ro('k. Mr. West, howeviT, finds it impossil>le, to ]>redici the 
(h'pth at which solid rock may be found at any ]>articiilar jxiiiit. 
In the, (’ircimistanees the alternat V(‘ possibility of putting down 
a pip(i-imc would seem to be the only cours(‘, should it be desired 
to proceed with the scheme. This would of course be eipially 
subject to the ill-effccts of the slipping, but would liavo tin* ad- 
vantage that it could be repaired rnon; rapidly than an open jlume 
channid, provided spare pipes were loqit on the spot. 

The Lowa.T Kouiar dam site is situated just below where the, 
Ivavinge-lvodaikanal road crosses the Talaivarai Ar. TJie dam is 
to be about 150 fi'et liigJi and iSOO feet long. Tlii,s is the only dam 
site in this project that is not locaUxl entirely on ehaniO(;ki(e. 
The rocks vary considerably, but they consist in th(‘ main of biotitc- 
gneiss and charnockite, the latter varying from a very coarsi' sili- 
ceous variety to a fine-grained basic type. The strike of the rocks 
is parallel to the stream. The jiits that have been dug indicate 
that, while the construction of a dam at this site is by no means im- 
practicable, it is clear tliat it cannot be done cheaply. On 
neither flank does there seem to be any chance of finding solid 
lock up to the level of the top of the dam, however far one exca- 
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vated into the liili-siderf. It is possil)le that the diQicultios could 
be over(;om(* l>y building only the central part of the dam to the 
full AvidtJi, and exti'ndiug the narrower flanks of the dam into the 
hill as a concrete core, founded on solid rock, but not necessarily 
ending against it. The suitability of this site for a dam really 
resolves itself into the (jiu'stioa as to whether the enhanced cost 
of a dam on such a site is worth wliilo. 

'idle Kodiyetan;ir dam site crosses the Ivodiyetan A r close to the 
roa,d to Kodaikanal. 'The site consists ol two rather rounded hills, 
cov(;ied maiidy witli grass, but with roumhal outciops of rock sc^at- 
tered about here and tliere. A verv complete scries of pits supj)lies 
all the iid'onnal ion ie([uired. dlie heiglit ol the dam is to be 15 i feet. 
This area was on('(‘ all massive charnoclvil(‘. 

It is now almost com])letcly disinlegrated ; and the misleading 
ontcro[)s of roe.k secMi scatten'd over the surface of the hills arc 
r(‘ally relics of the onc(^ fresh rock hdt in a mass of soft earthy ma- 
terial, the disintegration being nearly compleb‘. Mr. West re- 
])orts tliat it is (piite clear iJiat any kind of large masonry dam is 
quite innuaetieahle at such a site, and the, scheme must evidently 
be ahandoiied, for tlnue seems to be. ]io better site. 

The Pulavachiar dam sib^ is situated a little way above wIutc 
the Vaudaravu path crosses the; Pulavardii Ar. TJie stream here 

follows a fairly si-r-aight course through a narrow valley, the high 
and fairly st(‘ep sides of which a|)pear to provide an excellent site 
for a dam, wliich is to bti about 180 feet high. Tlie rock is cliar- 
jiockite, and owing to the steepness of the ground seems to be 
quite fresh and sound. The site is a good one for a gravity dam, 
whihi tluTc are also ])Ossibilities for an arched dam, the cost of 

which would be much less. 

After the waters of these four r(‘servoirs have been collo(ited 
together, they have to be conveyed about three miles to the pipe 
line, and this involves the construction of a pressure tunnel, over a 
mile long, about three miles north-west of Ivavinje. The rock 
forming the greatiT part, it not the whole, of the tunnel line is very 
probably chaniockite. It is fairly well jointed, but appears to 1 c 
sound, forming groat vertical precipices. It has not the appear- 

ance of being deeply W(*atlKTed, the topography suggesting masses 
of fairly fresh rock. lOxcept for the jointing, which may give 

trouble in the way of leakage, the rock is thought by Mr. West 
to be probably quite suitable for the construction of such a tunnel. 
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It will be better, however, if the cour«e of the tunnel be slightly 
modified, so as to allow both a greater cover and a greater hori- 
zontal distance of ]ouk to intervene between the tunnel and the 
surface, to withstand the pressure at two rather weak points. 


In response to a request from the (Government of Madras who 
are considering the revival in a modilied form of the old Tuuga- 
Dam-sHc. Tuns*- Irrij^atioii project, Mr. Vinayak ilao 

bliadra river, Bellary was deputed to report upon the geological 
disirici ; Madras. 

Tlui country near Timnialapuram on the Madras side of the 
Tungabliadra River has only one ridge which comes within half- 
a-inile of the river. The rest of the country slo])es u])wards to the 
hills soine miles away. On the Bombay side of the river low 
hills i\\tend along the north(‘xn bank and the hill mass of iShinglalur 
lies right on the bank of the river. 

The ro('ks consist of Dharwar <piartzites, schists and banded 
quartzites with conglomerates and diabase dyk<'S. Though there 
ap[)ears to be a rop<ditioii of the beds, it is not likely to affect the 
foundation as the beds are dipping at high angles. On cither side 
of the Dharwars are granites and gneisses. The dam would cut 
across the iJharwars almost at right angles to the foliation planes. 
A('/Cording to Mr, Jtao tJiis is the only possible site for a dam for 
miles since, cither \ip or down the ream, the dam would have to be 
undesirably long. Most of the beds liero are impervious to wate.r. 
The site appears to be a suitable one, but trenches would show the 
nature of the foundation and a further examination of these wlien 
constructed will enable conclusions to be more definite. 


During the season Kao Bahadur M. Vinayak Kao was deputed 
to insp(‘ct the site selected for a dam on the Kolab river in the 

I).nivslte, Kolab river, of Madras. Tlie rocks at tlie 

Jcyporc [istatc, Vizajja- propos(*d site cojisist of chaniockit(*s of the/ 
pataiii ; Madras. variety. They have, generally a north 

and south foliation and are considered to be well suited for a dam 
site. 

In response to a request from the (ioveriimejit of the United 
Krovinces Mr. A. L, Coulson w^as d(q>uted to make a rc-examina- 
Latidsllps, Naliii Tal ; tion of the condition of the hills in and around 
United Provinces. Naini Tul in September and October. A 
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commit too was convoiKnl to examine tli(i whole question and to 
eoii.siJer inoi(' esjx'cially the following points: — 

(«) tlie maintenance of existing protective works; 

(Ji) t)i(i ne<‘(l for further protective works ; 

(r) existing observation stations and the need for additional 
stations ; 

((/) lake regulation and the authority for its control ; 

(e) authority for excavation, building and tree cutting ; 

{/) (lie assessment of rain -fall run-olf, normal leakage and 
evajioration ; 

{(/) the vcrilication of the catchment area and tin' question as 
to wlielher or not the Snkha Tal ariM should be included ; 
(//) the method of calculation of discharges and the assessment 
ol a ri'asonabh' Jigur(‘ for the run-off ; 

(/) ttie method of recording rain-gaugi'. readings: 

(j) the R'lnoval ol the large rock above tiie East Ijaggan road 
and iK'ai Killaniey House: 

(/•J pluiodi. al inspei^tion of the drains; and 
(/) the examination of Churta llill and Am])arao. 

The findings ol this committee will be j)iiblished in due course. 
Compared with other flinialayaii h il-stations, Naini Ta> has alw.iy^ 
suflered unusually from land-slip. The root ol the trouble is a 
lundamental ( ne, Ji.inndy. the lesser degree ol metamoiphism uinhTgone 
by the rocks com})Osing the hill-slopes. The suggi'stion of the 
11)07 eommitti'A* tliat the condition of the hill sides should bi', re- 
})ortod ujjon at iute^^’als of not more than three, years, is one worthy 
of siip])ort. With some of the other memIxTS in sub-coinmittei'S 
Mr. CoulsoiJ eojisidi'red in detail items n, />,/, ry, A, and I ; m addition 
he submitted notes relative to C’hina Hill, the llallia Ravine, Kala- 
klian Mill, JJurgapur Powct House and the Di'pot Road subsidem e. 

The chief reason for the constitution ol the present committee 
lay ill the fact that the. Public W^orks authorities at Naini Tal wx*re 
unable to account for about 70 per cent, of the water falling in the 
catchment area of the laki‘, the figure for the percentage run-oll 
for 1025 being 30*4 per cent., the lowest on record. As this figure 
is regarded as the index figure for the safety of the settlement, 
alarm was felt at its extreme lowness, more especially so as the per- 
centage rnn-oil for 1918 was 82 per cent., there being a more or 
less constant diminution since that year. 
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In conjunction with Mr. Tunniclifle, xMr. UouLson was able to 
account for 73*5 per cent, of the water falling in the catchment 
area, by allowing for various losses enumerated below : — 

(1) The evaporation and absorption in the catchment area 

which, excluding the lake, equals 1095*5 acres, was 
calculated upon the basis of a “ liandicap ” of 30 in- 
ches on the annual rainfall which in 1925 was 98*48 
inches. It will be noticed that by adopting this ligure, 
tile run-ofi from the area works out at about 70 per cent., 
U.y 119,300,000 cubic feet. 

(2) The evaporation losses from the lake at, say, 5 feet per 

anniun amoimt to 20,245,000 cubic feet.^ 

(3) For losses from the lake by springs, the ligure taken was 

125 gallons per minute, being the mean of two previous 
estimations by Messrs. West and Jioey : these came to 
30 million cubic feet.- 

(4) The water taken for Municipal jiurposes and for Govern- 

ment House, duiing 1925, was 0 million cubic feet. 

(5) The powcr-pijie discharges, as obtained from the Annual 

lieport upon the Hill i3ides around Naini Tal, equal 
31,220,000 cubic leet. 

(0) Th(5 discharge through the sluices and overliow (the ligures 
being obtaineil from the same source as 5) amounted 
to 100,747,000 cubic feet. 

Taking into account the correction for dilfereiico in lake level 
(7,191,000 cubic feet), the total water acooimted for was 318,321,000 
cubic ieet. As the rainlall lor 1925 equalled 434,091,000 cubic 
feet, the percentage run-oS thus obtained is 73*5 per cent, approxi- 
mately. 

As the figures assumed for evaporation losses from the lake and 
absorption losses in the catchment arcii are based upon very ap- 
proximate data, Messrs Tunniclille and Coulson did not think it 
advisable to take these figures into account in the annual calcula- 
tions for the ruii'oli. If these figures, accordingly, be neglected, 
a reasonable figure to expect for the percentage run-ofi in most 
years would be in the neighbourhood of 50 per cent. It was thought 

^ I'rom a utudy of available records, Mr. Lylo assesses the annual evaporation from the 
lake surfaoo as 3 feet 4 inches. 

“ Gaugings of the spving-i made after the above was written iudioate that the pro- 
bable losses by springs arc about 140 milli.m uub'': feet of water pec annum. 

E 
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tliab little reliance couM be placed upon the conclusions arrived 
up to date ami luture calculations ul the rua-olf should be based 
upon more reliable data. 

In a list eiiumeratingjjcertai II ^additional protective works wliich 
were m his t^pinion advisable, Mr. Coiilson mentioned amongst others ; 
the nniioval O: tlie large rock (Craig ^Jilllachie) which overlooks 
the Kast Laggan rock ; the pro vis. on of adecpiatc drainage facilities 
on the threatened area in the vicinity of pillars Nos. Al, A2, 132, 
C2 and U2 on Kalakhau hill and the prohibition of cultivation 
in this area ; the total demolition of Durga Cottage and the sloping- 
ofl* of the hilbside, I olio wed by allorestation ; the drainage of Sukha 
Tal ; allorestation on tiic slipped areas of Charta and Manora hills. 

The rocks south of tlie fault line, which passes just below^ Clenhie, 
dij) N. do"" Ji. at 45^; those north of it dip N. 35'^ E. at Jb '. The 
rocks 111 the vicinity of Durga Cottage, therefore, have their maxi- 
mimi dip practically in the direction of greatest slope and less than 
the angle of slope. Conditions are thus exceedingly favourable 
lor a slip. Croat care should be taken of the drainage in tiu! area 
from Cloiilee to hklwiiLstowe ; this nigion is as dangerous as the 
“ dangerous area ’’ of Sher-ka-danda hill. 

The general dip ot tin* rocks forming China hill and to the south- 
west of China is biitween 8' and 10" in a S. \V^. direction. It there 
were any general tendenc.y to slip in this region, therefore, it would 
be to the far sid(i of China away from Naiui Tal. Shales with an 
iiiterbedded band of dolomite form the hill ; th(‘.se shales are very 
well jointed and fractured, the resultant effect of two sets of cleavages. 
The result is that with water percolating along the cleavage [>lanes 
and so dismembering tiie shales, fragments are continually laHnig. 
Tlie scarped face towards Naini Tal is thus always teiuliag towards 
vcrticality in its u])per parts whilst there is an increasing apion 
of debris in the lower regions. 

The safety of the lower end of Naini Tal down to Durgapur 
depends upon the liallia ravine and its branches. At present the 
water in the Ballia flows under control to the Fairy Hall drain and 
thence onwards its course is free. In the first part of its course, 
the Jiallia is not far distant from the lake fault and its general direc- 
tion is the same. Tlie dip of the shales forming the eastern slopes 
of the ravine is usually towards the river and as the angle of dip is 
generally less than the angle of slope, the conditions tend to insta- 
bilily. On the western side, however, the slates and shales dip 
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under the dolomite forming the mass of Ayarpatta an^l the condi- 
tions arc far more stable. Thus steep slopes on the western side 
can be far more stable than less steep slopes on the eastern side. 

Considerable trouble has lately been experienced on the western 
side of the Ballia between the Fairy Hall drain and the Coolie Lines 
drain. The barracks on the level ground above this region have 
been badly cracked and wisely vacated. Down the scarped face 
towards the Ballia numerous cracks have api)eared in the surcharged 
rcivetment walls and a delinite line of movement can be made out 
through the soil-cap of the main spur. Numerous slips have oc- 
curred in the lower part of this spur, the net result of which is to 
leave a scarped face which aj)proaches vertioality. The whole 
area is distinctly unsafe. 

Rain-water, as usual, has been the chief destructive agent and 
tlie heavy rains of the current monsoon have added their cpiota 
of damage to that begun by the preceding rains. The soil-cap 
lias become sodden with water and this has percolated through 
to the shales Ixuieath. fri addition, one of the lines of leakagfi 
fiom the lake exists almost at the junction of the shales with the 
dolomite at this point. There is thus abundant underground 
water available to inalce sodden the rocks of Ihe spur in question. 
The Ballia also cuts away the too of the spur and more soil and 
rucks subside; to take the place of the material removed. 

The dip of the rocks in this region is about 20"" in a diroc/tion 
N.75“’W. but whilst this tervis to stability, the combiin;d effect of 
(lie agents of destruction (ummerated above lias rendered the natural 
conditions powerless to prcivent a gradual sinking of the simr. 

Mr. Coulson did not think it [lossibJe to prevent the; threate.ned 
slip and considers that a Inust ol three or four days heavy rain will 
bring about the fall of the bulged soil-cap and probably parts of 
the spur as far back as beliiiid the first godown. When the slip 
has taken place, new revetment walls should bo built and the flow 
of the Baiba and the P’airy Hall drain adequately controlled. 

The Durgapur Tower House was built upon tin; debris of the 
1898 landslip from Kalakhan hill, already described by Mr. Middle- 
miss.^ 

Though the landslip foretold by MiddlemisB has not yet taken 


^ Report upon tho ICaliikUaii Laiiilblix^ near Naiui lat Caovermnont Presa 
1898. 


Caloutta, 
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l)!acu, ihc natural ccjuditions arc of great instability. Tlic rocks 
of this legion arc very cleaved and sliattcircd but the main cleavage, 
direction seems to bo towards tlic liallia and tlie dip sliglitly less 
titan tlic angle of slope. With the Ballia continually doing damage 
at the toes of the spurs, tlie conditions arc ideal for a big laud- 
si ij) to occur. All that seems leaaible is to take such preventive 
means as arc [tossible to ilelay a slip wliich is probably inevitable 
and which will cause great dattiage when it does happtui. 

(Jharta hill was the scene of a d(‘structivc landslip on the ‘iDtli 
September, 11)21, and the present trouble is in brief due to the 
dilUculty in controlling the water (lowing over the ibi L slip debris, 
lieceut wash outs of debris have r(‘,V(ialed rock in sihi in th(' upper 
part of the main stream-coursiJ but its dip is not ealcidated to lend 
strength to the foundations of any i)ropo3cd wall across the ravine 
in this region. Tn addition, the ivgions in the vicinity of observa- 
tion pillars Nos. 1, 2, and 11 will shortly fall and cause destruction 
to the uppermost rc'tainiug wall. The whole, site of the Brewery 
settlement is far from safe. Mention has already been made of 
the probable fall from Kalakhan hill; in addition, the spur of Charta 
to the south-west of the .''ettlement is known to be conspicuously 
cracked. The spur between the Jliirgapur and Charta hill streams is 
far from safe and the spur overlooking the bridge on the Ilanikhi't 
side of the Ballia has recently cracked. 

The subsiding area in the Depot lioacl is in a valley between 
two small spurs of Kalakhan. Provided that adccpiato means are 
taken to prevent water (altering the subsiding area at the fracture 
zone and in otlnu plac(‘s, Mr. Coulson thought it (piito possible, 
though not of course certain, that further subsidence could be 
prevented. 

Near mile 9 on the Kathgodam-Naini Tal road, much money 
has been spent upon constructive works to [prevent further subsi- 
dence of the road but up to date, efforts have been unavailing. 
Mr. Coulson has described the geological conditions in this Amparao 
area in detail and has shown that though the argillaceous rocks 
at the main slip dip into hill 3,300 at about 7^ in a direction 
N. 50'^ W., their physical characters are such that slips must take 
place. He also notes the existence of two faults in the area which 
have highly fractured the rocks and decrimsed their stability. 
The slipping surface is presumably the surface of the argillaceous 
material below the debris which is still in situ ; this is kept lubricated 
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chiefly hy percolation of spring water derived from rain falling 
upon a cailtivaied area behind tlie hill and vtater from several stream 
courses which i)a.ss over the cultivable area. 

Ihovided that certain methods of drainage suggested by Messrs. 
Lyle and Coulson are followed and all cultivation stopped, it is 
thought that the slip may j)ossi)>ly heal its(‘lf in time if tlie main 
wall holds. Mr. (Vmison did not think it possible to take the road 
higher ujj the slij) faetr siji(‘f‘ sound foundations were Jiot obtainable 
there, lie also thought l]i(‘ expense of taking the road behind hill 
3,300'’ would be proliibitiv^e and it would add greatly to the 
length of road l)etwcc?n iS’nini Tal and Kathgodam. 

Mr. Loulson inspe(‘t(‘(l a rough proposed alignment of the road 
o?) lh(‘, other side of the Nalena river, and thinks that a road hcKi 
is un(loii})tc(ny feasible, in spite of the fact that geological condi- 
tions are very similar to the Amparao side, except that on the Nalena 
side the rocks dip at higher angles than those on the Amparao side. 
There are thin bands of argillaceous shales interbedded with sand- 
stone bands which will to a certain extent act as buttresses, but 
should surface water gain access to these argillaceous bands, it is 
cpiite possible that the history of Amparao may be repeattal. Geolo- 
gical conditions across the Nalena were thought to be insufficiently 
favourable to warrant the abandonment of the present road and 
the latter should be maintained at- least until proper drainage 
methods have been tried and found unavailing in the region above 
Amparao. 

Garnet. 

Garnets are described by Mr. Vinayak liao as plentiful in the 
gneiss one mile north of Kannamangalam (12'^ 45': 79'" 9' 30" 
Survey sheet 57 P/I) m the north Arcot 
Madras' ^*^**'*‘'* • district of Madras, and might be useful lor 
abrasive purposes. 

Gems. 

Historical records of gem-mining in the Mogok district of Upper 
Burma date from 1597 A.D., thougli the industry must have been in 
existcn(!e for a long y)criod before that time. The 

MoKok district :Burmn. 

was tri.‘at-<,‘d as a private estate? 
of the Burmese Kings. A race of hcritlitary miners had evolved 
there and the methods of the Burmese adiuinistration, modified 
in accordance with the principles of equity, formed the foundation 
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on vvliicli Iho (Jppor Burmca Ruby Regulation of 1887 was laid 
down, iind on which the original lease, issued in 1889 to the Burma 
Riihy Mines, liid., w«a3 framed. The main features of this lease 
si ill prisist. The interests of the indigenous ruby miner were 
rally safeguarded under the British regime. Licenses to win gems 
ere granted to A^scendants of the old families and land for the 
purpose is allotte.d to them as occasion arises. For some years 
ihe cojnpany collected and retained the license fees, against which 
it paid a fixed rent and a proportion of its annual profits to Govern- 
ment, l)ut since 11)09 the royalties collected by the company have 
been accepted by Government (less 10 per cent, commission) in 
place of the fixed annual rental. 

For some time the ruby market has been in a state of 
.‘?ov(‘re d(iprcssion, and in 1925 the Burma Ruby Mines, Ltd., went 
into voluntary liquidation, after a chccpiored career of over years. 
At tlui request of the Government of Burma, Dr. Coggin Brown 
visited Mogok in December last to investigate the situation and 
1,0 make suggestions for the future development and control of the 
industry. He has submitted a report in which the history of the 
company, its financial afl’airs and its relations with Government 
on the one hand and the native miners on the other, are al)ly traced 
in detail, from tlie annexation onwards. Especial attention is 
paid to tlie technical })rogress which has been made, to the growth 
of modern methods of g<'m-mining, to the causes of the depressions 
whicli have })eriodically upset the market and to the competition 
of artilicial gem stones. 

Another part of the report deals with present and future mining 
operations by native methods, and contains recommendations re- 
garding the following matters : — the issue of licenses, ihe restric- 
tions limiting mining to v,n liorediWy class, the liaison between 
the local authorities and the company, the complaints of native 
miners regarding the prohibition of explosives and machinery, 
tributing, the reservatioTi of areas for the company, illicit mining, 
the curious local custom of Jcanase~hy which women and girls en 
joy the right to remove gems from stream-beds, tailings, races, 
and mine and washery dumps without the pa 3 nnent of fees— and 
finally, to the question of the staff which must be created to super- 
vise native mining in case the Company expires. 

The concluding section of the report deals with future mining 
operations by up to dal c‘ methods. The present condition of gem- 
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raining in Burma is duo to the cumulative effect of numerous ad- 
verse causes, but exhaustion ol the gem-bearing deposits of the 
Mogok Stone Tract, as a wliole, does not, in Dr. Cuggin Brown’s 
opinion, constitute one of these. The tract and the leased area 
extend over more than G(X) stjuarc miles, the greater part of which 
is occupied by gneisses and associated rocks of Arclnean ag(i. Traver- 
sing them are great bands of crystalline limestone which stretch 
from the eastern bank of the Irrawaddy to beyond the longitude 
of Mogok. The sizes and positions of the more important of these 
have been demarcated on LaTouche s map of the Northern Shan 
States as far as a geological survey on a scale of one-inch-to-onc- 
mile can exhibit them. A larger survey would probably reveal 
more of those limestone bauds. From them most of the precious 
and semi-precious stones, and all the rubies and spinels, have been 
derived. (The sappliires, for which a brisk demand exists to-day 
appear to come from another source— a rock which may be of peg- 
matitic origin but which still has to be studied.) Their weathered 
])roducts, released as the parent rock decays, ti’avel down hill to 
the stream-beds where they accumulate in the water-borne gravels* 
It follows from the existence of gems in such situations that they 
must of necessity occur also in the dctrital deposits of the hill-sides 
from w'hich the true alluvials have been derived. The operations 
of the present Company, apart from early abortive attempts to 
mine gems from the limestone and a few inconclusive experi- 
ments on certain hill slopes, have been confined to removing and 
washing gravels from the Mogok, Kyatpyin and Kathe valleys. 
The actual system adopted is due to the work of Mr. A. II. Morgan 
who solved the drainage problem and so enabled the deeper deposits 
uf the Mogok and other valleys to be treated on a largo scale. Therci 
are, however, other valleys in the Stone Tract, in particular those of 
the Kin and Khabine, in which gems are known to occur, and which 
deserve fuller cxploiation than they appear to have received hitherto, 
with the object of proving their value as hydraulic mining propositions, 
rather than as areas to be opened up and mined by laborious, costly 
and slow hand methods. It was not until comparatively recent 
times that the present system of breaking down the working faces 
with monitor jets and raising the material so obtained by hydrauhe 
elevators or gravel pumps superseded the older system. .About 
the same time the rotary pans of the washing mills appear to have 
given place to modified forms of sluice boxes. 
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The greatest possibilities for the future, however, are believed 
to lie in the larger scale tniatment, on these lines, of the liill side' 
d(;posils and a stretch of country usually known as the “ Wesk'rn 
Slopes, in Dr. (\)g^]in Drown's Oj inion, first merits attention. It is a 
somewhat indcfiniti^ area lying on tliat side of the -ranges between 
Dernardmyo ami Kathe which, judgeil liy the amount of mining 
performed l)y natives in the past, is a gemdiearing region of great 
extent. It is stall'd that large part.s of it could bo reached by the 
cutting of the It(*rnardinyo ditch, a wati'r cliannel surveyed under 
Mr. Morgan’s direction in 1921. 

Suggestions arc made as to the new form of lease which should 
be substituted for tlie old one in ease these or similar operations 
arc uiKlertakcn in future. 


Gold. 

A minor industry in gold-washing is reported by Mr. B. B. Gupta 
to be carried on in the rivers of the Lower tdiindwin district, Burma, 
Lower Chiiidwin dig- howung from the Paukin Chaung and draiu- 
trict : Ruriiia. jiig areas covered by Irrawadian deposits. 

The villages of Panktaik (22*^ 10' ; 9'P 47' 30"), Thaininthat (22'' 15' ; 
94'' 45' approx.), Zibiiidwin (22'’ IG' 30" ; 94"’ 50' 30" approx.), 
Tuywa (22“^ 24' ; Od'' 47' approx.), and Nyaungbinie (22^ 20'; 94° 39' 
30") may be mentioned as ])lac(‘s where gold-washing is carried on 
after the monsoon. The industry dates back to before the time 
of King Mindon. The daily output for each party of two or 
three men varied from Jth to } loia by weight of gold (nearly i 
and 45 grains, respeetively). 

Gold has previously been reported from Kani (Burma Gazetteer, 
Lower Chindwin District, p. 116 ; AVc., (JroL Sarv. Ind., Vol. XLIII, 
]). 250). Mr. Gupta did not hear of gold being actually washed at 
Kani but notes that the produce from the local ties noted above 
passes through this village. 

Auriferous cpiartz was reported to have been found at Mata- 
gondapalli (12" 37' 30" ; 77'' 44') about ten miles south-west of Hosur 
in the Salem district of Madras, where the 
rocks consist of the older gneisses intruded 
by the Hosur gneiss of Mr. MiddlcmLss, with included fragments of 
hornblende schisLs and some dykes. An assay in the Geological 
Survey laboratory of some of the quartz from this area, however, 
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showed no trace of gold. The chances arc against the finding of 
gold quartz in tliis area. 

Iron. 

Several deposits of good haematite, derived from the banded 
fuematite. (juartzite, were mapped by Dr. Krishnan during the 
season in the Feiidaiorv Slates of Hihar and 
nihar*aiidT)rlssa?*^ ’ Orissa. Some of the best deposits are found 
along the Bonai-Keonjhar boundary. 

The shales of the Iron Ore series in Keonjhar State yield, through 
weathering and segregation akin to lateritization, lumps and pockets 
of iron and manganese ores. Dr. Krishnan remarks that these are of 
irregular, but fairly wide, distribution. The ores are of a rather 
low grade, but experience in the adjoining area shows that they 
can be worked on a small scale. 

Ironstone mining in the northern part of the Federated Shan 
States is carried on by the Burma Corporation Ltd. and the ore so 
obtained is used in the Idast furnaces at 
Slates, to assist in the reduction of sulphide 

ores containing lead, silver, zinc and copper. 
For this purpos(‘. they are essential, so that, although the quantities 
raised are small in comjiarison with those won in India to supply 
iron and steel works, the industry in the Shan States is a settled 
and important one and is likely to continue so for many years to 
come. 

Early in 1927 Dr. Coggin Brown was requested by the Govern- 
ment of Burma to review the iron ore situation generally, and to 
pay especial attention to the questions of extension of known de- 
posits and the possible occurrence of new ores, for it is desirable 
that the iron ore reserves should bear some comparaI>le relationship 
to the very large quantities of metallic sulphides which have been 
proved to exist in the great Bawdwin deposit. lie has examined 
the Manmaklang mine and the various workings centred around 
Pauktaw and Naungthakaw in the Wetwin region and, in a detailed 
rei)ort on these deposits, has briefly summarized our knowledge 
of other outlying ones, thus bringing up to date thc^ observations 
of Messrs. P. N. Datta, T. D. La1\>ucho, E. L. G. Clegg and his own 
earlier work on this subject. 

The Twinnge deposit was probably mined in the time of the 
later Burmese kings but Mr. P. N. Datta was the first geologist 



68 


Records of the Geologic^ Svrvey of India. [ VoL. LXI. 


to draw aitontion to the occurrence of iron ore in this neighbour- 
hood (21"' 0 ?' : 2:V) ((Jenl. Kep. Genl, Sure, Ind,, 1809-1900, 

|)j). 121-122). In 1910 Dr. (hoggin llrown concluded that the ore was 
of a residual natuni and represented the ferruginous material origi- 
nally disseminated through that portion of the limestone which 
has been removed by denudation sincis the Shan Plateau permanently 
emerged from the sea in later Mesozoic times. Further experience 
confirms these views {lice, Gcol. Surv, IruL, XIjVII, pp. 137-141). 

The Manmaldang deposit lies in latitude 22" 60', longitude 
97" 40/ and was described by Mr. E. L. 6. Clegg in 1922 {Rtc, Gcol, 
Surv, Ind,, LIV, pp. 431-435). Dr. Coggin Brown does not accept the 
earlier opinioiLs of the geologists of the Burma Corporation that 
it is of a residual origin, but regards it as a replacement deposit, 
the result of the action of iron-bearing waters of meteoric origin 
moving downwards through an exceedingly brecciated variety of 
the Plateau Limestone. Although Manmaklang still produces from 
1,300 to 1,500 tons of limonitic ore per month, it is rapidly becom- 
ing an underground proposition in which operations cannot be 
carried on profitably in competition with surface work on the true 
resid ual deposits elsewhere. 

The Kunghka ore body (23" 13' : 99" 19') is said to lie in a fault 
zone traversing rocks of the Pang-yung series and to have been 
formed by the infiltration of iron-bearing solutions, resulting in the 
])roduciion of solid lia3matitc in a soft matrix of red and yellow 
limonite carrying s])ecularite and barite. The Kunghka hfcmatitc 
is still mined and used in the [)roduction of copper matte only. 

All the deposits of the Wetwin region are, in Dr. Brown's opinion, 
of residual origin. The Pauktaw quarry is close to the main railway 
line, some 4J miles south-we,st of Wetwin station in the direction 
of Maymyo and about \ mile from the log-washing plant of the Cor- 
poration, It was worked in 1920 and 1921. Originally the 
iron ore cropped out at the top of a small hill and as it was followed 
down, the excavation gradually increased to a depth of 36 to 40 
feet. Abandoned now on account of the increasing thickness of 
overburden it still displays faces of red earth with shots of iron ore 
in its lower layers which overlie an ore bed 8 to 10 feet thick, massive 
in parts but more commonly possessing an “ organ-pipe " structure. 
Bulk samples of this ore averaged from 56 to 57 per cent, of iron. 

The abandoned workings of Bawhlaing lie some two miles to 
the nor th-iior til-east of Pauktaw camp and from them approxi- 
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mately 200,000 tons of good massive ore have been removed. It 
was a shallow deposit lying on the top of a limestone knoll showing 
the usual form of weathering. A typical analysis of the Bawhlaing 
ore shows iron 50*6, alumina 3*7 and silica 2 per cent. 

Active work is to-day being prosecuted on the Naungthakaw lease, 
whicli is situated about latitude 22'" 10' and longitude OO*" 31', in shoAit 
B 12 of the one-inch-to-onc-milo survey, and six miles as the crow 
flies to the north-west of Paiiktaw c*amp. It is on ground which 
slopes gently towards the valley of the Shwe-leik-ka to the south ; 
to the west is the higher land, attaining elevations of over 
4,000 feet along which the boundary between the Mandalay dis- 
trict and the Federated Shan States runs. The lease is divided 
into a number of separate sections. In section A the worka])le 
ores occur between 3^)50 and 3,700 feet above sea level, varying 
from thin bands a few inches thick in the north-west and south- 
east to richer stuff, several feet thick, distributed in three well- 
defined patches in the middle of the southern half of the area. The 
average thickness of the overburden in an open cut is about 8 feet, 
and under this is fi feet of vcsiimlar haematite. In Section J3,^ 
the best part of the ore bed lies on and about Kadut. Taw hill (ele- 
vation 3,780 feet). Thinning out down the slopes, it becomes very 
evident again in Section C at heights of between 3,()()0 and 3,7 10 
feet, with extensions into Section D. Mucli of the ore in these 
bloc'-ks is roughly rounded, rubbly material, rather thaTi the cemented 
solid ore of Section A. The Corporation’s JOngincers estimated 
the original contents of Sections B, C, and D at 35,000, 50,000 and 
0,700 tons respectively ; these figures do not, however, include the, whole 
of the ore bodies but iue governed by the economic factors involvc<l 
in profitable extraction by prevailing methods such as depth of 

overburden, thickness of the ore band and quantities of injurious 
compounds like silica and alumina. 

An ore bed which commences in Section L and stretches across 
Section E at much the same contour levels is believed to contain 
some 36,000 tons. The open cuts display an extremely irreguliir 
surface of the underlying Umestonc, in the deep and narrow hollows 
of which pockets of brittle, rubbly haematite lie under (5 to 8 feet 
of overburden. Section M contains the southern portion of an 
ore bed which obtains its greatest development in Section I. To- 
gether they have been estimated to contain 66,000 tons. The 
overburden rangivs up to 12 f(M»t in thickness and the greater part 
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of llir nro al)ont Iho 3,700-foot contour. Details of the occur- 
ill 11 h' rrniainini^ sc'ctions arc ^ivon in Dr. Brown’s report. • 
Kx])loitation coniinencerl in 19-2. since when 35,000 to 40,000 
Ions Jiiivc bo(‘n rcmovofl per mumm. All the work is opencast, 
1nr<'(‘ areas licinu; stripiied of ovtTlairden and the ore bed systemati(*' 
ally rnnfjved. The larj^er pieces are hand picked, whilst the remain- 
der is dry-srTe('ned on the spot, carted to Panktaw, cleaned in a 
lo;jr.^vashin»r jilant there and raih'd to Nam Tu. Operations are 
suspended diirinej the rainy season. Tlu' washed ore as railed con- 
tains a])proxiniately t- - 

KcO 71 to 72*5 per cent. 

AkO., ; — 3*3 to 3*5 per cent. 

SiO. 4 to 5 per cent. 

The Corporation is engaged in a prospecting campaign in the 
sun’onndiug conntry and as there are few surface indiiaitions of 
ore b(‘ds it is necessary to pit systematically across lik(‘ly areas, 
fieyond advising the intensification of the pitting operations ami 
an (*xt(*nsion of ])re]lminary ])ilot h(»k*s towards the nnrtli-north-east. 
Dr. Coggin Brown had no sngg(‘sii()ns to make. As about 200,009 
tons have been added to the available r(\serves as th(» result of the 
season's work, the present polic.y apjiears to ho justified. 

Tlie ])rospo(ds of obtaining large additional 5uppli(\s in the 
embayment of the Plateau Limestotie, covering a triangular area 
of about P20 square miles, with its base on the railway line between 
Maymyo and the Goktcuk Gorge and its apex on the peak Hpataung- 
gyi (3,5G4 feet) in Monglong, have been discussed by Dr. Coggin 
Brown. He believes that the origin of the rod earth mantle can 
only be attributed to the accumulation of the insoluble matter 
in the limestone itself in the course of its degradation through 
weathering. If the red earth is a residual deposit its iron contents 
are also of the same origin. At one time disseminated in small 
rpiaiititics through the parent rock they were at first probably 
e(]ually well distributed through the red earth, and their concen- 
tration into irregular beds towards the base of the clay is due to 
s\ibs(‘qnont })ro(*eHscs which hav(' taken place in it since its forma- 
tion. Ther(^ are no signs that the iron ore formed any kind of 
( oncent, rated (lej)osit in (he limestone, neither are there the slightest 
indications in this typ(j of residual deposit that it is of swamp or 
lacustrine formation, or has ])ceu produced l)y any known kind of 
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replacement. It follows tlierefore that iron ore beds should be 
iouud in many suitable places botii in this particular eml)ay' 
meiit and on the plateau generally, but the depth ol the red earth 
iuust be sutlicicnt for the chemical reactiojis which have resulted 
in the concentialu>ns to have occiirred, and the topographical con- 
ditions such I hat they have not been removed at later iiei:i<Kls. 

In 11)15 Dr. (Joggin Drown predicted the occurrence of ore between 
Wetwin and Dadaukpin. It lias been proved to exist but is of 
too bauxitic a cliaracter to be of any value iu lead smelting. For 
some reason, which cannot bo explained at present, the onjs Irom 
the lower parts ol tlie plateau and also the pisolites which frcApiently 
occur 111 the upper iay*‘rs of the rod earth, are often highly 
aluminous and it is to the higher giiographioal horizons and well 
draiiii'd gentle slopes at ele,vations such as those indicated that future 
attention should be directed. A zone of country possessiug these 
leaturos runs almost completely round the embaymont, and it is 
in tliis, not far from tlio boundaries of the older rocks and yet not 
too close down towards the badly drained central area, that further 
extensions of these iron ore beds will be located. Such iron oro 
deposits are exceedingly irregular. The exhausted portions of tiie 
Aaungtliakaw lilocks show how variable the surface of the under- 
lying calcareous rocks may be. 'Fhe general impression that it is 
a moKi or less level underlying table is entirely wrong for it is 
weathered into fantastic heights and hollows. One iirospecting pit 
may miss the ore bed entirely, while the next one, landed on a holij 
in the limestone full of ore, may make an excellent and misleading 
showing. Close and caretul pitting is (‘ssential before estimates 
can be attempted, while hues of pits should not be stopped because 
one or two holes yield poor results in succession. Instances are 
known in which a good ore sheet has thinned away to pr.ictically 
nothing down towards an insignijicant surface drainage channel, 
to make again in ciuantity on the opposite slope. 

Mr. P. Leicester was deputed to investigate the reported oc- 
currence of rich deposits of iron-ore near Mokpalin in the Thaton 
Tlialon distri^^u district of Burma. The area, over which a 
Lower isurma. prospecting license has been applied for is 

shown on the Survey of ludia ^-iiich sheets Dl-C and 94G. 
The claim lies in the foot-hills of the Kyaikto ridge east of the Sittang 
Kiver in the Thaton district, and the area which has been prospected 
is about fifteen miles to the north-east of Mokpalin, a station on 
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the Moulmeiii biiiiidi of the Jiurma]| Railways, 80 miles from Rangoon. 
Only part of the area under consideration had been geologically 
surveyed ; tins had been done by Mr. P. N. Datta in the Field Season 
of 1008-00. 

In passing north-iiastwards from the sea up to the Kyaikto 
range the lollowing rock series is traversed : — 

Aliuviiun. 

Laterite. 

Thaton series (sandstones and shales). 

Igneous rocks ; — 

Volcanic : Volcanic agglomerate. 

( Granite. 

Plutonic ^ Contact-altered basic rock, 

^Epidiorite and talc schist. 

Gneiss. 

'Che sedimonlaries of the Thaton series arc coveretl with a thick 
c.ip ol latente in the neighbourhood of the coast but farther to the 
north-east there are fre(picnt exposures of sandstones and shales 
with a general strike N. 20'" W. — S. 20' E. and steep variable dip. 

About six miles north-east of Mokpalin is a ridge known as 
Eyaukpon Taung, running N. 20'" W.—S. 20" E., showing exposures 
ot volcanic aggloiiKuate. The stratigrapbieal relations of this rock 
are obscure but Mr. Datta^ mentions volcanic rocks, probably 

rliyolitic ” as occurring in this ridge. The association of agglo- 
merates and tuffs with rhyolite is a most natural and probable 
occurrence. 

Mr. Leicester considers that the talc schists, which occur in 

various localities within the area, are probably derived through 

the alteration of basic or ultra-basic rock. Microscopic examina- 

tion of the rock reveals talc with numerous small grains of magne- 
tite partly decomposed to huematite. 

There is a considerable ari*,a coiLsisting of green metamorphosed 
basic rock and it is in this rock that the iron-ore occurs in the form 
of segregations of magnetite in irregular lenticular ore-bodies or 
lenses, which probably tend to mn in a direction parallel to the gra- 
nite contact. This rock appears to have been intruded as 
a basic product of differentiation from the parent magma of the 
granite of the Kyaikto ridge. 

^ (jiiOXKii'ai lieport for lUlO, Gaol. >Surv Ind., Vol. XL, p. iOS. 
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Dr, L. L. Fcrmor examined certain specimens and microscope 
slides of the basic rock submitted by Mr. Leicester and came to the 
conclusion that the original rock was probably an augite-plagio- 
clase rock, possibly a gabl)ro, and considers tliat the green meta- 
morphosed rocks may be classed as epidiorites. 

Two occurrences of ore in silu have been discovered by the proa- 
])ectors. These comprise rich segregations of magnetitci about thirty 
feet in width with a general trend N. 20"' E. — S. 20° \V., but as yet 
no att(.‘mpt has been made to discover the extent and true direc- 
t'd! of the oie- bodies. 

Elsewhere numerous pita havejjbceii^mik through^tho talus and 
soil-caj) of the hill slopes. These pits have in many instances 
yielded detrital fragments of rich ore which have b(ien derived from 
onj-bodies probably situated higher up the slopes. 

Tlie amount of proved ore is small but systematic prospecting 
should not only reveal tlic extent and nature of the occuiTriices 
already found but should also disclose, some at least of th(J ore- 
bodies which ar(3 the source of the detrital fragments of ore scat- 
teied over the region. According to Mr. Leicester it seems pro- 
babl(‘, from ihe structural geology of the neighbourhood, that the 
ore-bodies lenticular and that they run approximately parallel 
to the; granite contact m a roughly north and south dinjction. 

The ore is not in the form ol veins or lodes and tliere is no indica- 
tion of its having bce,n thrust up mto or having formed in fissures. 
It occurs, as has already been mentioned, in irregular, lenticular 
ore- bodies or lenses, originating apparently by concentration and 
s(*grcgation ot the iron in the basic parent rock. This implies that 
the orc-bodies will in all probability be very irregular and ol un- 
(xulaiu depth and their underground extent can only be accurately 
estimated by boring. The whole is cajipiHl, except in the stream- 
courses, by a considerable overburden of soil, laterite and talus 
w'hicb besidtis adding to the dilliculty of prospecting will increase 
the cost of its extraction. 

Mr. Sondhi reports that in the neighbourhood of the village 
of JSfatyin Dauiig (iSheet 81 J/M) the riatcuu Crave] is remark- 
ably rich in round, hollow, ferruginous con- 
which appear to have been worked 
for iron by the villagers not long ago. Slag 
heaps were occasionally encountered during the course of the exami- 
nation of the area, but active work has been discontinued. 
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Bands of Dliarwars with nitagiietite were noticed 
Mndriis! ‘ |)y Mr. Vinayak Hao at Sottukiimi (Survey Sheet 

57 JV*3) in the north Arcot district of Madras. 

Mailgancse (ace also Iron Bihar and Orissa). 

The in.iogaiiese deposits of the Kauara district of Bombay were 
lartluT investigated by liao Bahadur M. Vinayak Kao, who reports 
a great dcivelopinent of mangaiiiferous laterite 
r.ombay^^ dislrltt : jxeighbourhood of Castle Kock, extend- 

ing some ilistance to the south. Manganese is 
louiid replacing some of the Dharwar quartzites at the .Bhagavati 
•.'line about miles soutJi of Castle Kock. 

Maugaui'bC is louiid in the laterite about 3 miles west of Anmod 
oil the road to the Portuguese frontier. 

To the soutli and south east of Castle Kock manganese has been 
noticed east of Ku Vesi and in the hill between ivesarla and Titvali. 

Psiloinelane, pyrolusite and wad are usually the forms of man- 
ganese met with in this area. iVii analysis in the (icological Survey 
Laboratory of the Titvali manganese showed as much as 5i per cent, 
of mangaucse. 

In the Belgaum district manganese occurrences are chiefly con* 
lini'd to the south-west part of the Khanapur Taluk. They occur 
Belgaum dislrlct ; laterite over the Dharwars which here 

Bombay. have an rregular north and south direction. 

The chief places where workable quantities are found are : Talevadi, 
Amgaon, Jamgaon, Norse and Kumbharda near Nagargalli. 

The ore, occurs as a replacement mineral in laterite and occurs 
irregularly in blacks thereof. In Talevadi it is present below the 
laterite on top as well as in the valleys where a detrital laterite is 
found. It is also found segregated as thin bands along the stream- 
courses. Wad or tlic powdery form is found on the hill at Jamgaon, 
where it occurs as a fairly thick deposit of about 2-3 feet in thick- 
ness. In Jamgaon and i\mgaon blocks of manganiferous laterite are 
found along the river valleys. 

The laterite on hill-tops due to the alteration of Deccan Trap 
does not appear to have any manganese. 

Mica. 

Mr. G. V. Hobson, whilst on study-leave in tho United States of 
America, took the opportunity of making some enquiries regarding 
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mica, its distribution, utilization and consumption, and has sub* 
mitted an interesting report upon the subject. Mr. Hol)son was 
led to the conclusion that the mica-broker or middleman, although 
necessary to the trade, was absorbing a very large portion of the 
profits—ti proportion sometimes well over one Jmndred per cent. 
This conclusion is confirmed by the surprising!}^ low average price 
obtained by the exporter of mica from India. The value for the 
years 1922, J923, 1921 and 1925 averaged little more than Re. 1 
per lb., the rupee at that time having an exchange value not far 
from Is. 4rf. 

Mr. Hobson (oncludcd that the elimination of the broker was 
only possible in the case of very large producing and consuming 
firms. One American firm lias already achieved this result. The 
necessity of the broker arises from the fact that while the producer 
has for sale all sizes and grades of mica, the consumer in most cases 
requires only om^ or perhaps two sizes of one particular grade. 
This means that the prodiujer, in order to dispose of his whole out- 
put, must be in touch with consumers of all classes, and must be 
prepared to carry heavy stocks. The producer is, in fact, very 
much in the Innids of tlu; broker, and frequently has to accept the 
price the broker offers him. Any producer attempting to do without 
tlu'. brokijr with respect to one or more sizes or grades of mica runs 
the risk of being boycotted by the broker with respect to the rest 

his material. 

One of the complaints made to Mr. Hobson regarding Indian 
mica was that occasionally a few cases of an orde.r were found to 
contain mica of a dillerent size from that ordered. The excuse 
made by the exporter would lie that, owing to shortage, a case 
or two had to be filled with undersize mica and, to make up the 
average, a case or two filled witii oversize mica. An examination 
of the consignment, however, always showed a balance in favour 
of the exporter. Another complaint was that Indian firms occa- 
sionally went back on their quotation and, on the receipt of a repeat 
order, attempted to raise the price. Mica consumers do not carry 
very large stocks and have no time for bargaining. Such corres- 
pondence as the above, therefore, usually meant a placing of che 
order elsewhere. 

Mr. Hobson remarks upon the increased use of micanite, which 
is gradually replacing block mica in a number of uses. Two of 
the latter seen by Mr. Hobson were in the form of heater-units for 
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f'lo(jfcri(’. irons and lamp shades. Micanite is made from splittings, 
the production of w^hich is at present almost a jnonopoly of India. 
In Schenectady Mr. Hobson was shown the latest development of 
the manufacture of micanite by machinery. Here inica-plate is 
being jnade with a now synthetic resin, which may prove a serious 
rival to the shellac hitherto used for binding purposes and derived 
from India, 

During a vLsit to the Lacey mine in Ontario, the largest phlogo- 
[)ite mine in the world, Mr. Hobson was imj)ress('d with the (jlli- 
riency of modern rnachimi drilling and deep hole blasting. As the 
uii(‘,a within the Indian pegmatites is miicli more scattered and 
th(i danger of damage to tlu; mica cornvspondingly less, such metliods 
should be emintuitly suitable for exploitation in this country. Skill 
is KMinired in determining the blasting charge necessary to break the 
ground without shattering it. 

'riuirc is undoul)tedly a toiulency towards the greater utilization 
of ]nica for almost any typo of insulation f)roblem. Micanite tape, 
flexible mie.anito, moulding micanite, heat resisting Juicaiiito, etc., 
can be used for such purposes, except where the insulating mateu'ial 
must l)(i poured into position. 

Considerable efforts an^ now being made in South Africa and 
other countri(\s to market a Ixjtti'r dnxssed and gr.ided [>roduct, 
and sli()uld this l>e accomp.uiied b/ the training of the cluMp labour 
available iu the art of making splittings, tluj Indian position in the 
trade would to some extent be tlireateiicd. 

Monazilc. 

!Vlr Vinayak Kao noticed grains of monazite in the natural 
(Concentrates formed by the river Kalab, Jeypore listate, Madnis. 

Jcypore Kslatc ; A.S tile area drained consists mostly of char- 

nockite, it seems probable that the monazite 
was deriv(5rl therefrom. 


PctrolcuiiL 

Mr. B. B. (Jiipta, while surveying in the Lower Ohin<lwin district 
of Burma, noticed a seepage of oil about lialf-a-milc north-west of 
Nyaiiugbinle (22^ 20'; 9^ :I9' 30") in the 
^ Pondaung sandstone close to the faulted boun- 
dary. Two other seepages were noticed in the 
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neighbourhood and thoiigli not active at tli <3 present day there 

can bo no doubt that they so at ru) reeute p'riel. One of 

these seepages is umb^rstood to have been tosted by a trial boring 
without any favourable nisult. 

Pyrites and Pyrrhotitc. 

The pyrites deposit of Polur in the North Arcot district of Madras* 
nunitioiKMl on page 50 of thr^ Iverords of the (geological Survey of 
India, Volnnu^ LX, page 50, was further opened 
M.ulr«'! ' 'ip FicUI-ColIcctor A. K. Hoy during the 

field'Season 1026-27. The pyrites occurs in 

lenticular bands between basic eharnockit<^s and quarizit(?s of pre- 
sumably Dharwar age, and is associated with a pegiTUitite. The 

width is about f<M*t but is variable. Pits put down to a depth 
of 15 feet showed no diminution in width. J^yrrhotite was found 
in association with the pyrites w'hich has been transforiiKid into 
liinonito at the surlace and sides. Opal was found as a thin film 
on the surface of the pyrites, concentric in slnijx*, showing secondary 
deposition at the surface. 

An analysis of a sample of the ])yrite,^ in tlie (Jeological Survey 
laboratory, made. l)y Piel(l-(.V>lIector Dry. gave tin* following nisults : — 


SiO I7'2S 

AKOj 8-72 

Fo,(),, 17:i2 

Fo(Mili>hiUii ) .......... 3 1 Ob 

Ni ........... Trace 

MnO^ Trace 

MkO 102 

C/aO -98 

SOa 0*91 

S . 201(> 

K.O 18 

Naj,0 1*38 

H,0 f 1-40 

HjO -52 

100-93 


This analysis and the one made by Mr. V. 8. Rajagopalan (Sec. 
Rec. Geol, hol,^ LIX, j). 50) give about the same amount of 

sulphur. The pyrites deposit occurs in lenticular patches and is 
likely to continue in depth. 

f2 
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Refractories. 

thv. field season. Dr. .1. A. Dunu made aii examination 
ol several deiJOisils ol aluminous refractories in Northern India, 
with the ohjeef oj obtaining some idea as io the resources available 
in Ihe (!onntr>. During the last lew vi'ai,-. ihe minerals sillimanitr 
and hyanite liave been found to posst^ss a particular value as re- 
fractories iji the eeraniie, indnsliies. It has been found that, on 
lieaiing, these minerals change to a material called mullite 
(;>AD( l^.'iSiO ,) and a peeuliar glassy matenal, in part cristoballite, 
the foimor ueemring as an intricate network of lath-shaped crystals 
ill the. latter. Jf Irec A1,D., c.//. corimdiim, is juesent, thiue is a 
gjeatei amount of mu Hitt', developed lelative to the. glassy liase. 
'fhe resulting <omj)osite material has a rather low coetlickuit ol 
expansion, high melting ])oint, and considerable strength at high 
t<‘m{)ej‘atures. Its jieeuliar projjerties render it ideal as a refraidory 
material. So far as is k^u^Yn India possesses lar greater resources 
of the minerals sillimanite and kyanite than any other country. 

The deposits of sillimanite and eorundum in Ay*am occur in 

the neighbourhood of ISona I^ihai north ol the village of Nongina- 

, weit m Xongstoin ^rate. The area may be 

Assam. i i i i i 

reached l,»y motor lorry from Uauhat:, do miles 

west as lar as Doko, thence 12 miles south by bullock cart to Haima 

at tile loot, ol the Khasi Hills, and tinally some 2 days’ inarcli south 

into the liills lor 2d miles. Tiie area is on the Khasi Hills plateau 

and tin*, lieigiil above sea-level is about 3.000 fe(‘l. 

J'iie silliiuanite-eoiundum deposits are associated with such higli- 
]y aluminous rovks as conlieiite-biotite-cpiartz inicrocline-gueiss and 
sillimaiiie-tpiai tz-seinsls. 'J’he majcuilv of the deposits consist 
mainly of imissive .sillimanite with a little eoruudimi ; one or two 
are almost entirely of corundum and several are entirely of silli- 
muiiite. lm]mritics are not abundant and consist mainly of rutile, 
a very little Inotite, and iron ore. Tliere are some thirteen different 
deposits occurring over a belt some 3 miles long by 1 mile wide, 
it is tjuite likely that tlie belt extends over a greater length than 
that surveyed. 

In cst mating the quantity of material available it is difficult 
to enive at any definite quantity, owing to the peculiar “ segrega- 
tviry ” nature ol the individual deposits, and to the fact that a very 
large amount of the material is completely decomposed. However, 
reckoning down to a depth of only 10 feet for the majority of the 
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deposits, Dr. Dunn estimates that there is at least a total quantity 
of 83,000 tons available, including float ore. This must bo regarded 
as an absolute miuimuin ; the actual quantity could easily be many 
times this amount. 

In judging their (3Conomic value the location of these deposits 
is a grave disadvantage, and under ju'csent conditions transport 
difliciilties would make freight high. 

The deposit of corundiim-sillimanite iii iiewa State, Central 
India, is near Pipra, a small \illage in the extreme south-east corner 
of tlie State, about 5 miles from its eastern 

aT)d souther!) ]>oundarjos. Tin' deposit is asso- 
ciated with sillimanite schists ami ]>yroxene-l>caring rocks. The bed 
of corundum is about lialf a-mile^ long bv about 70 yards wide. 

Reckoning on an average dtjptb of 30 feet, the total quantity of 
corundum available was estimated by Dr. Dunn to be at least 
100.0t)0 tons. Of sillimanite the estunated ((uantity is I 000,(H)0 
tons of very poor quality, with perhaps 100,000 tons of good material. 
The possibility of exploiting the better class sillimanite is, however, 
limited owing to its intimate admixture with the impme material. 
Apart from this latter fact, however, there is the additional dis- 

advantage of tli(3 very high freight to Calcutta. At present it is 
carried by bullock pack to ilirzapur, some 120 miles. Transport 
costs could be considerably rediK’cd by constructing a bullock cart 
track to tl)e bank of the Son River, whenc(j the mah'rial could be 
floated dowm the Son and Canges Rivers on b.arg( 3 S. 

The dejjosit of corundum and sillimanite in the Bliandara dis- 

trict of the Central Provinces is at the foot of a small hill about 
Bhaiidara ; Ct'iitrai ^ iTiilc south-east of Pohra village. This vil- 
Pi'oviiices. lage is 3 miles as the crow Hies south-south-east 

from Lakhni. w'hich i-; 13 miles east of Bliandara town and on the 
main road. The hill is formed of a N.-S. striking bed of quart- 
zite which dips to the west at a high angle and is flanked on either 
side by sillimanite-bearing muscovite-schists, the muscovite varying 
from merely an occasional constituent to the dominant mineral 
in the rock. Another rock-tyj)e associated is a line-grained tour- 
maline rofik usually containing sillimanite needles and traversed 
by veins of sillimanite. The massive sillimanite is found associated 
with this tourmaline rock, usually as veins or as irregular replace- 
ment masses up to 6 feet across. Such massive sillimanite was 
found only by Dr. Dunn at one point in situ, over an area of 40 
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foH hy 50 Imt dcl)riH ifidicati^s. perliaps, a widop distribution. 
Tlie massiv(‘ conin<liun was not fomul m si/a ; all tlio ooriiridinn 

now hoiii^ ol)f Mined is found in tbo hill wash at the north foot of 

the hill over an area of ]()() by 1 00 yanJs. Dr. Dinni (considers the 
(hiposit to be ne^li<'ihle si nee the amount of ore cannot exceed more, 
than 100 ions ejudi of eoruiulum and sillimanite. 

In ilie iieighliourhoorl of R.(uiga<lih near Barahabhum fetation on 
the rurnlia-Sini branch of the Be ru^al- Nagpur Kailway, several 

»arabl...m{ occiirrciifcs of kvatiitc! rock are over a 

bliiini **) : lUliar and narrow east-west belt (extending from about 

mile cast of Ha.lhanni to just south of 

Ichadih, a total length of about 7 miles. The ro(;k with which the 
kyanit(‘ is nssociate.d is a mica-schist, occuiTing along I he boundary 
of the (iliota-Njigpur granite-gnosis. Indeed, some of the kyanite- 
io(d< was found to occur in mica-schist which is inclnch'fl in tin? 
granitic ro<*k' it.se] f. The mica-schivst is a pure mnscovitc-quartz-ro<*k. 
Another associated rock is tonrmaline-cpiartz, fre(piently l)aTided, and 
oft(‘n so riddled by white quartz that it has almost the ap]>earaTU‘e 
of a hreecia. 'roinTn;dine-roek is formed by rcplace}n(*nt of tlumnica- 
schist. Ur. Dunn describes the kyanite rock as t)ccnrring in 
small irregnhir masses np to feet in length in the mica-schist. IVlncfi 
of its seems to have l)cen altered to mns(;ovite hy crushing and the 
addition of alkalies, and originally th<‘ kyanite-roek was probably 
far more abundant than now. A peculiar feature is the 0 (*casional, 
but rare, occurrence of crystals of Idne cornmlnm in the kyanite 
rock. 

According to Dr. Ihinn it is douhifiil whether 100 tons of good 
material could be collected easily, ami even if more could be obtained 
}>y closer prospecting and greater expense, the value of the material 
would be discounted by the amount of muscovite present. 

There is a scries of deposits of kyanite-rock extending over a 
belt some 70 miles long in the Singhhhum district, Bihar and Orissa, 
sl-nilih»nnT^ ; iMimr passing through the native States of Kharsa- 
fltid Orlssrt. and Seraikela, and the Dhaibhum sub- 

division. The main rock of this belt is a mus(X)vite-8chist, but 
bornblende-schist is very frequently met with. Th6 mica-schist 
often contains large crystols of staurolite and garnet. Dr. Dunn 
observes that the rock with which the massive kyanite is usually 
associated is a kyanite-quartz-rock or granulite. At Lapsa Burn 
this rock is found in enormous beds, the imissive kyanite apparently 
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occurring as segregations in the raorc acid rock. Very frequently, 
as a secondary alteration product of the kyanite, a topaz granulite 
is found. Corundum is a common mineral in the massive kyanite- 
rock. Rutile, as in all these aliiminons deposits of Northern India, 
is also a constant coastituent in tlm rook. There seems little doubt, 
according to T)r. Diinm that these deposits are the metamorphic pro- 
ducts of highly aluminous clays, and in some cases apparently of 
clays of a bauxitic composition. 

The largest deposit is that at Lapsa Bum at the west(‘Tn end of 
the belt. Here, the debris alone would, according to Dr. Dunn’s esti 
mate, provide a minimum quantity of at least 2.‘M,0()0 tons of kyanite 
rock; this, however, is given ns a very conservative figure, the actual 
availabhi quantity being possildy 10 tinuss this amount. Another 
good deposit is at Ghagidib, about o mil(^s soiiih of Jamshedpur, 
where over 20,000 tons are available. 

At Rakha Min(\s there are perhaps several hundred tons of 
massive kyanite in the alluvium shed from the kyanite-quartz-rock, 
fn the remainder of the belt to the south-east of Rakha Mines there 
is little or no massive kyanitc-rock associated with the kyanite- 
quartz granulite, but the latter may find a market, in the 
future. 

The mineral from Balram in Barrira State, Bihar and Orissa 
hamra Sfalc ; Hihar (Jeneral Report for 1025, Rcc, GeoL Stirv. 

and OrJssju Ind,, IjIX, p. 51), originally thought to be silli- 

inanite has, on closer investigation, provcjl to b(^ tremolitic 
aiuphibolc* 


Ruby (sec (iems). 

Saif. 

Salt is of common occurrence in the Tertiary rocks of U})per 
Burma and in the past a considerable industry in salt working was 
carried on in the Sagaing district. Kadu Lake 
^ covers some 40 square miles 

and is a shallow, saline lake. In the past it 
appears to have extended further to the ea^st and Mr. Bradshaw 
reports that traces of the old workings arc still visible. Low 
hummocks in the, ^ soil-cap east of Padu mark the sites of the 
debris from the ancient sump holes and- the fragments of multi- 
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tudes of pots are stratified in the soil. Salt is found in the 
Tertiary rocks wliich form the hills hetween Saye and Ondaw, as* 
brine from wells and springs, and as an efllorescence in the sandy 
deposits which form the low ground At Padu a tube well was 
sunk some 100 fee in quest of water for the Agricultural Depart- 
ment experimental farm. Some 1,200 gallons per hour of saline 
water was obtained and it has been suggested that if the brin(‘ 
content be sufficiently liigh this water jn ght be evaporated for 
the production of salt. There can be no doubt that the salt is 
derived fiom the Tertiary rocks. In the area examned by Mr. 
Ilradshaw there was no active work in jwognss but in view ( f the 
large quantities of salt wliich are imported annually into lUirma, 
the salt which occurs in this districjt might prove to he of economic 
importance if it were worked systematically. 


Sandstone (s^ e Building Malcrie'ifs). 


Sapphire (sec Gems). 


Spinel (see Gems). 


Sulphuretted Hydrogen. 

l^'prings charged with sulphuretted hydrogen were noticed by 
lower Chindwin dis- Mr. B. B. Gupta in the following localities of 
tfief ; Burma. the Lower Chindwin district, Bmma : — 


(1) In the Sonda Chaung about one-and-a*quarter miles south- 

west of Nyaungbiule (22"^ 20' ; 94° 39' 30") ; 

(2) In the small river about one and a-quarter miles north-w^est 

of Thalauk (22° 15' ; 94° 40' approx.) ; 
and (3) la the Yebow^a Chaung, about three-and-a-quarter miles 
north-west of Kabaing (22° 12' 30" ; 94° 41' approx.). 
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Tin. 

Mr. P. Leicester observes that the tin mined around Mawpalaw 
Taung (15° 52'; 07° 46'. Sheet 95 E;13) cast of Karokpi in the 
Amherst district of Burma occurs in the late- 
I owTr eluvial deposits at the foot of the hill. 

which is composed of red, bull and Avhite 
sandstone and banded quartzite associated with shales and mica- 
ceous slate. The ore which is chiefl}^ grey cassiterite appears to bo 
derived from small quartz 8tring(‘.ra intruded into the sandstones 
during the period of granitic intrusion of the province. The tin 
has been concentrated in the eluvium of the hillsides and now^ appears 
Mcnttered through the lateritic d(3posits in the vicinitv of the hill. 

Water (sec also Bngineering and Allied Questions). 

Samples obtained from a tendnch hand- boring made by tlie 
Norih-Western Railway at Rahim-ki-Bazar, about 33 miles south- 
jN.-W. Railway, Ra- Badin, Sind, and on the northern side 

hlni-kl-Oazar, Sind ; of the Rann of Cutch, were forwarded to this 
department in connection with a water-supply 
question for the proposed Bombay-Sind ConiKiction Railway. 

These samples were deteimincd by the Curator, Mr. A. L. Coulson, 
and consisted mostly of sand and kankur to about 265 feet with a 
conglomeratic l)aiid between 227 and 229 f('et. Below 265 feet 
clay predominated, and at the bottom of the boring, 377 feet, solid 
rock was encountered in the form of a foraminiferal limestom* and 
gypseous kankar band. 

The limestone contains specimens of the Globigerinida' family, 
but none of them was sufficiently preserved to be recognised gene- 
rically. 'Mr. Coulson remarks that in all probability the limestone is 
Tertiary in age and might be one of the Tertiary limestones of Sind 
(Blanford. GeoL Sun\ ImL, XVII, pt. 1, pp. 37-66) or of Cuteh 
(Wynne. IhuL, IX, pt. 1, pp. 74-81). Certain of the limestones of 
Sind die out to the south-west, near the Habb river (Blanford ; 
op. {'if., p. 17b and Wynne states (p. 33) it is quite possible (hat 
other east and west dislocations, similar to the great fault along 
the northern face of the Charwar and Kutrul range, C'litch, may 
have occurred along the northeni sides of the Kureer and Bela 
chain and likewise along portions of the sometimes strongly scarped 
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hills which rise abruf)tly from the Raiin on tlie northern nuir"in of 
(hitch. 

Samples of water ohtaijn*^^! at various depths in the bore-hole 
were reported by the (‘Inimical JOxaminer to the Punjab (Jovern- 
riK'.nt to b(^ unfit for liuniiin eonsumjdion and for locomotives. The 


r(\sults of the tests arc c 

X] tressed in 

the following table : 

— 

f)c])Lh of pipe in bore-hole 

55' 

100 ' r 

208 ' r 

.344' 5^ 

J)ato sample was obtained 

2-M‘)27. 

<1-1-1927. 

1()-M927. 

27-3-1927. 

lieaotioii .... 

Alkaline. 

Alkaline. 

Alkaline. 

Alkaline. 

h’ice earbonie acid 

Marked.-- 

Marked. 

Marked. 

Marked. 

(‘hloride as Na(U (parts })or 
100,0(X)). 

2,750 1 

5.2G5 

2.1,107 

21,937 

Nitrates .... 

Nil, 

Nil 

Present. 

Nil 

Nitrites .... 

Nil 

Nil 

Nil 

Nil 

Sulphuretted Hydrogen 

Vit 

Nil 

Nil 

Nil 

l^inie ..... 

Excessive. 

Excessive. 

PIxeessi ve 

Kxcessivo. 

Iron . 

Trac(‘H. 

'r races. 

Traces. 

I’rat^cs. 

Sulphates .... 

JOxeesHivo. 

Excessive. 

lOxeessive. 

Excessive. 

'I’otul (parts per UKMMM)) 

Hardness 

I,2S1 

7.:uo 1 

20,730 

Excessive. 

r Temporary 
(t‘larko*8 Scale) ' 

70 

140 

Excessivo. 

Excessivo. 

1 Permanent 

420 

5(»0 

Excessive. 

Excessive. 

Total . 

190 

7(K) 

I‘'xe(‘S8ive. 

J^xeessivo. 

Free ammonia 

Fac es.MV(-. 

E\ces.siv(‘, 

N(»t estima- 
ted. 

Not estinia 
ted. 

Alhumiiioid ammonia , 

Fxccssivo, 

Excessive. 

Xot <* :' ima* 
0-d. 

Not ('.-itmia 
t(‘(l 


A ])orc sunk to a d(‘ptJi of 850 feet at Drig iioad, near Karachi 
(Orookshank, //er. drol. Sorr. I mi, hX, pj). ir>7-Jfi‘J), two bores sunk 
by tlic North ■\Vest(‘rn Railway at Dabheji and Jungsliahi in the 
same district, and a boring made in similar rocks in Kathiawar, all 
proved these Tertiary rocks to be impregnated with saliiu' water. 
It is not therefore considered advisable that the boring at Rahim- 
ki-liazar Ix^ continued through the limestone in the hope of obtaining 
a supply of fresh water. 

In th<^ Ocneral Report of the Department for 1926 {Records, LX, 
p. 58) it is mentioned that a report on the waterless tracts of the 
Allanmyo sub-division in the Thayetmyo dis- 
was being prepared by Dr. J. Coggin 
Brown. It is one of a series dealing with the 
geology of the waterless areas in the dry zone of Burma generally 
and the prospects of obtaining underground supplies of watt>r by 
boring within them. 

Tlie difficulties which beset the question have been summarised 
in the General Report referred to, and , it is pnlyj^necessary to state 
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here that they are no smaller in tlio case of the Thayetmyo district 
than elsewhere. 

Tlie Allaumyo snb-division ('.omprises that portion of the Tha- 
yctmyo district winch lies to the east of the Irrawaddy river. It 
is divided into the two townsinps of Hinhaungwe and Allaninyo. 
In the former tli(‘>re am thret* waterless tracts ajid in the latter nine. 

Sinba ifrt gwc T( nonship. — 

Tract No. l.- 'l'rdcl No. 1 contains tlie villages, Kyanksaiiksan 
with a |)opulation of 1,200 souls, Dankhla village, population 80 
souls, and Kyaukpyudaung, ])OpuIation 280 souls. These villages 
lie between 450 and 570 feet, resp(ictively, above sea-level and 
between live and eight miles directly east of the Irrawaddy, about 
latitude 10° 45', in sheet No. 85 M/2 of the one-inch-tcj-orui mile 
survey <»f Burma. They all possess tanks whieJi dry up for three 
months during the hot weather, when waler has to be carried from 
streams one to two miles away. According to the geological map 
made by Jiao Bahadur Sethu Kama Jlau in the years 1014-15, the 
three, villages Via on Trrawadian rocks which oec upy a wide area 
her<^abouts. 'riicre is nothing exceptional in thf3 local structures 
to lead one to suppose tlnat tlu' possibilities of obtaining underground 
water at Kyauksanksan or IJaukhla are otherwise than doubtful. 
In tlie case of Kyaukpyudaung, conditions are perliafis a little 
better, for rocks of Pegu age, which underlie the Irrawadian series 
are found oiui jnile to the east of this phu^e. At the same time 
boring here cannot but be regarded as risky. 

Tract No. 'J. Tract No. 2 lies seven miles to tlu'. souili-ensi of 
KyjuiksaukHan. It contains the villagtjs of Pozut and l^okolon with 
populations of 280 and 400 souls, respectively. They Ixjtli possess 
tanks which dry up in March, when winter has to be carried from the 
Yebon stream three miles away. The local rocksibelong to^the Irra- 
wadian and boring is not retiommended. 

Tract No. J.—lVact No. 3 contains the village of Thittabwe, popu- 
lation 120. It lies in the extreme, soutli-eastern corner of sheet No. 
86 M/6 and has an elevation of over 600 feet above sea-level. It 
is situated between the axes of two well-marked folds in the Pegu 
rocks but it is doubtful if the expenditure involved in sinking a 
tube well here is justified for such a small area. The Ixjst situation 
for an experimental teat lies on or about the synclinal axis to the 
north-west of the village, as far as can be judged without an exami- 
nation of the ground, . . 
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Allamnyo Township, 

Ot the luno waterless tracts iu the AUaiiinyo township, 
two liave been considered, as tlu‘ reinniiifler lie outside the area 
which luis ix'riL surveyed on tin* scale of one-inch -lo-onc-mile, liy the 
oirieors of the Cleolo^ical Survey of India. 

Tmrf 1. Trai t No. I is a small an*:! eoiitaining the. single 

vill:ige ot (l\ve;.ion. population bOO, four iiiilos to the north ol Alhui- 
myo. It is located neat the junction of the alluvial deposits of the 
Kyeni (liauug with the Irrawadian ro(;ks and Dr. Brown advocates 
*i search for shallow water in thi* alluvium to the south of the 
village, rather than by boring in the Jrrawadian. 

Tract No. 'ri’acT. No. 2 includes tin* villages of Thaiiiit, popu- 
lation 210, Pokoloii 315, Vebaw 21u and Sangale, -’iOO. All these 
village-s suffer from w’ater shortage in the hot weather, when supplies 
for human beings are obtained from holes in stream-beds and cattle 
arc driven to the Irrawaddy river some, miles away. Thanat, the 
most northerly village, lies four miles east of Allanmyo. Sangale, 
at the other end of the tract, is approximately five miles to the 
south-soutli-oaat of Allanmyo. With the exception of Thanat, which 
lies on Pegu rocks, the other places are all situated on the band of 
Irrawadian rocks which rises to the east of the narrow belt of alluvium 
deposited by the Irrawaddy river around Allanmyo and ywataung. 

In Thanat and Pokolon, additional surface sup|>lies from shallow 
wells may be obtainable. About Bangale, and perhaps between 
it and Ycbok, the question of tapping the “ waiter table” of the 
Irrawaddy river by means of deep boring arises, but as there is 
practically no knowledge available as the result of experieii(‘e on 
this subject, such liorings in these locations could only be regarded 
as experimental. 

Turning now' t>o that portion of th(‘, Tluiyetuiyo district which 
lies west of fhe Irrawaddy river, waterless tracts occur in the town- 
ships of Minhia, Mindon, Thayetmyo and Kama. 

Minlila Town ship . — 

Tract No. 1. - Lebingyin, population H8, possesses a tauli which 
di ies up in hot seasons, when water is brought from Paikthin in the 
Minbu district, four miles away. It is situated in the broad expansi^ 
of Irrawadian strata w^hich occurs on the western flanks of the 
Minbu anticline. Possibilities of obtaining suitable underground 
supplies at reasouable depths in this situation are reovote. 
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Tract No, 2, — Nyaungbingyin, population 220, is said to obtain 
water from the Irrawaddy, three miles away during the hot weather. 
This place is presumed to be identical with the Shaukpyingyin on 
sheet No. 157 ol the uncduch map. If this be correct, it lies on rocks 
oi age which di]) to the north-east and possibilities here are 

not much bett(*j* than in the f)revious instance. It is a ca-s(» where 
an examination ol the. groun<l in detail is necessary before coming 
to any decision. 

Tract No. <7. ™lr,icb No. 5 contains the villages of Kaniu, popula- 
tion 400, Kandok 520, Sinmagyat 255 and Didokkan 200. The first 
three have no w^clls and in the hot weather water is obtained from 
tanks lip to four miles away. Didokkan alone has a tank and a 
well, and when these fail, water is obtained from a stream two miles 
away, Ivanni lies at an elevation of 1,004 leet on a ridge which 
forms the w^ater- parting between two well-marked drainage systems. 
The local rocks have bt'eii mapped as th<‘ Tabyin-Laungshe group, 
which is pre-eminently a shaly and clayey horizon. Dr. Brown 
considers that there are no prusiiects of underground water at Kaiini. 

Kandok is on rocks belonging to the Yaw-Pondaung group with 
a high dip to the nortli-east. The geological situation at 1,081 feet 
on a well defined water-parting is bad. Judging from the map alone 
Dr. Brown does not recommend boring here. 

Hinmagyat is five miles east-south-east of Kandok and is .situated 
on rocks of Pegu age, as is Didokkan, a further five miles away m 
the same general direction. Both villages lie at aiiproxiinatcly 1,000 
ft'et above sea-level near the head of a watershed. A simpler remedy 
Ilian hazarding boring ojierations iu cases like these would be the 
(.‘(instruction of tanks to be led by rain. 

Mindon Townahip.- - 

The Miiidon town-ship contains live waterless tracts : 

Tract No. 1 — lying outside the areas which have been geologically 
surveyed. 

Tract No. 2 — containing the followdng villages : 

(1) Kyaukpyok, population 140, wdth one well which is supple- 

mented by water from the luma Chauiig, two mile.s 

away ; 

(2) Hmoktalon, population 98, with one well supplemented in 

thi^ same way ; 

(3) Inbyit, population 331, obtaining its wuiteriu thi^. dry weather 

from a stream one mile away ; 
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(4) Ycgyansiii, population 45, with one tank supplemented by 
water from a stream one mile away. 

Tile area enclosing these villages is to be found on sheet No. 116 
of the onc-inch-to-onc-mile survey. It was mapped in 1922-23 
by Mr. K. L. (i. Clegg and is covered entirely by rocks which he 
groiipe<l together as the Yaw-Poiidaungs, of Upper Eocene ago. 
According to him an alternating sandstone shale facies prevails in 
the uppermost beds and a sandy one below. The main range of’ 
which the area forms part is said to possess a general anticlinal 
structure but it is complicated by strike faulting. Mr. Clegg stresses 
tin; higli degree of lateral variation whicli Jias taken place in the 
rocks luireabouts, and in the ciir urns ta rices it is not possible 
to geiuualise on tlu^ possibility of obtaining water in tliesc loijalities. 
A lietailed examination of any proposed site is essential before a 
definite opinion can be given. 

Tract No, -'i. -Tract No. *> lies in an area whk h has not been 
geologically surveyed and the same remarks apply to Tract No. 4. 

Tract No, 1, (Sec pjiiceding sentence.) 

Thayctmyo District,- 

There are four svat(‘rless tracts in tlu', Tbayetiuyo townshij). As 
they are nearly contiguous and all lie oji a widespread area of 
l?egu rocks they arc taken together. Tlie aftected villages are enu- 
merated below : — 


'rratt. 

Villa.M'. 

rupiilaiiiMi. 

liitMilUrkH. 

( 

1 j 1 

Koiiniywa .... 

:m 

Xu Wi ll or lank, WhUt oh- 
Liino<l from wclti dug in tlir 
Btrcain lad. Suj»|>Iy sotiiity. 

1 

JCvaiikiiio 

2(H> 

Oil, to. 

11 

'J’avt'ii ..... 

l.-iO 

No widl or tank. VVati’i* ob- 
taiiUHl from Inlo Chaurig oiio 
inik* away. 

( 

rvn.ukf)yu .... 

2UC 

I Nf> wnIL riiadoquato tank. 
Drinking wat(*r from a well in 
the stream bed. OtluT water 
from 'tliay.i, IJ miles away. 


Akyiflfi ..... 

200 

No well or tank. \Vater from 
the Poncliaung. 

■1 

OkpOTl ..... 

200 

No well or tank. Nh'arest 
Kiij>j)ly at «jth(T V'dlag<‘.M, 2 
miles away. 

SaiiniH^yi .... 

210 

No w(‘ll or tank. iSiip])ly from 
holes dug in the stream bed. 
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Tract. 

i ViJlagti. 


ItomartB. 


- 

Tiiuiigiiiyit .... 

iill) 

No wi*ll or tauk. \Vat<*r fiom 
li Wo.s III tiio .stream bed. 
kSapply .scanty arid poor. 



Sliaiiyuagyavv 


No w<‘ll or tank. J^>or ilrink- 
in ,‘4 wall V from tho bcil of tho 
at'. cam. AmmaU wattacd at, 
tyliaim^, 4 miles away. 


Tnidfc No. I iunl [>art. oi‘ No. 2 lio on tlio Houtli^vvost corner of 
aJiect No. 15^5, and the other two tivicU in tiic Wijateru part ol ahcct 
No. 159, of the oi\c-iri(ili-to-oue-iuLlc survey. The last geologist to 
report on the area was Mr. ill. L. (d. Clt^gg in seasons 1923-24. in 
sheet No. 1»58 the two areas cone(‘rned lie on the middle .sandstone 
and lower shale divisions ot the Pegu group, wliieli are hroken up in 
many places with small faults. Konniywa has an elevation of 421 
feet above sea-level but soutli and east of it is a ridge rising to heights 
of from 1,300 feet to 1,700 feet. AHernating strata of shales, sandy 
shales, sandstones aJid (Milcart ous bands appear to form tJni ridge. 
Around Kyauknie is a thick series oi shales overlain by sandstone to 
the west and south-W(*st, wiiieh after b^aiig folded into a syacliiic down 
which the Thazi (haung Hows, rises up to form the outer band of 
sandstones of the well-known Monatkon dome, lying in the extreme 
south-western corner of the sheet. The shales in the centre of the 
Monatkon dome were also found l)y Mr. Clegg oue-aud-a-halt mile 
west of VVunledaiing, which brings them to about the same dLsiaaec 
south of Kyauknie. It is possil)lc, owing to this alteration of sjuidy 
and shaly beds, that a favourable site might be found for a deep 
tube well in the syiudine towards the Thazi Chaung, but no guarantee 
can be given that the water which might be met with would be 
good, in view of the common occurrence of soluble alkaline salts in 
the Pegu rocks generally. 

The structure near Pyaukpyu is nut so satisfactory. 

The conditions whicli bear on this empiiry on sheet No. 159 to 
the south, are, lirst of all, the predominantly shaly character of the 
Pegu beds in the Kadetpyin-Hanmagyi-Myinba valley ; these become 
sandy in the uppermost layers immediately underlying the Irrawa- 
dian sandstone to the east, while the high ground around the valley 
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is formed by intercalations of sandstone. West of this valley is 
the Okpon dome. The outer band of sandstones on which Okpoif 
itself stands, is ov<»rIaiii by Ihe shales of the- Putudianrii^ vallev. 
Xeither ()kp(ui ie>r Sauiiiaj^v i aro suitably located lor dc(?j) \vab*r 
tests. The same remarks ai)[>ly to the \dllag('s of Tauiif^myil and 
Slianywa^vavv v^ hich 1/^* oo IVgu rocks dij>pinij; to the south aud 
closcj to the oveiia[)ping bouii<lar\' of the li’rawa<lian. 

Ku ma T own sh i p. - 

The K aina township, Dr. Brown reports, has three waterless 
tracts. Tile first of these, lies in a ^eolo^^ically iinsurveyed portion 
on sheet No. lib. 

Tract No. 2 is a small area containing only one village, Ky- 
wtdnwe, with a ])opulatioii of 100 souls. It is 5.^ miles west of 
Kama on sheet No. 100, has ueitht'r wells nor tanks and obtains 
its water supplies from the Made. ( haunu, one mile away. It is 
situated on the junction of IVgu rocks witli the alluvial dt‘posits of 
the Made ('haung. Ff the alluvdum be thick enough a shallow tube 
well might yii'hl a good supply of water, otherwise trials might be 
made by shallow, luuid <lug w«‘lls. 

Tract No. 1) is a large area stretching along tJie right liank of 
the Irrawaddy for a])])ro.\imately eight miles in sheet No. IGL ft was 
geologically surveyed some years ago by i)r. Murray Stuart, whose 
map shows that it is mitirely occupied by Kama clays -a divi- 
sion of the Begii gruu[). As its nanui indicat(‘-s, this scudes is 
essentially a clayey one though it does contain sandstone bands 
m places ; the latti-r arc not delined separately on Dr. Stuart's map, 
nor are dips of tin*- strata recorded. For tlicse reasons it is im- 
possible to come to any deiinifi* conclusions regarding the possibi- 
lity of underground water in tin*, tract. On gcjieral grounds Dr. 
Brown considers it an unpromising one. 

The affected villages arc listed below : — 

VilIair<^ IVipiilation. Remarks. 

Online ..... S5 No well or tank. Water from 

the stream. Distance one mile 

One well at the iHingyi-kyaung ; 
Bupplemented by waU*r from 
the Irrawadily river. Distance 
five miles. 


Danirain^^ 


142 
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Village. 

Population. 

RoiiiarkB. 

’Uutiiic/i ..... 

1 jjd 

Ja'o well or tank. Water froiu 
the Irrawaddv. J.>i9tanct‘ five 

Ilagon ..... 

J 

ILUlfM. 

nyjiiini^ify.t ..... 

i:v> 

1 

JVgya ...... 

1 1‘Jii 

I 

i 

lA'iiiduii ..... 


i 

Dll to. ditto. 

Nyuiuiggfiiiipi .... 

i220 


...... 

at 


'1 l»ri aim;r .... 

200 

> 


fii tlit‘ Kyauksii (jirttrlet of Buriua, nearly the whole ol the 
Myittha 'rowiiHlii|j lying to the west of the Thinbon Cliauiig and 

. the Samoii an area oi approAiinateJv 

Waterless tracts of _ , ' , - , . , 

the Kyauksc district, s<^iiaie jiiihvs, is classitied as a waterless 

tract. It iy lound 0 }i ^Survey sheet i\'o. 1^45 
(915 (.W and (. o) with exteiisiojis on to the adjoining sheets to the 
north and west. Pui' administrative purposes it is divided into the 
three s('.parat(» tracts of Hinuyaugaii, Thittetkon and Yogan. 

\c( OL-ding to J>r, Coggin Brown’s report, the outstanding g<jologicul 
IViiture oi tin; region is a flat ridg(‘ of Uppej’ Tei-tiary rocks trend- 
ing Iroin north to south and coiisistjug oi conglomerates and gritty 
sandstones with rare bands of shale. These attain heights of over 
600 feet above sea-lev(d and liave a high dip to the south-west, two 
miles west of (4we. 

The possibilities of obtaining good undergromid w'ater from these 
Tertiary rocks arc remote, but conditions are more favourable on 
the alluvial areas which surround them and from which they rise ; 
especially is this so in the strip of alluvium forming part of the main 
Samon belt, on the east of the dry tract. 

In the case of the Kyaiikse dtstrict, unlike others in the dry 
zone,’’ the results of an experiment in boring are available. 

A tube well which was drilled to a depth of 1500 feet on a site at Tauiig- 
dwin, a village on the spread of Upper Tertiary rocks, was a complete 
failure. When those facts were brought to Dr. Coggin Brown’s 
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aitnitioii (i(‘ a.n(t(,|i(‘r Uial at Thittolkoji, .‘U niil<ss furLlu'r 

<‘a.sl., ;ui<l within ifin .lilnvial a,r4‘a. A siicia'.ssfiil wril was r,oiii[)lck‘(.l 

licTo in which nlitains its siijjply rroni a bed o£ coarse sand 

ifi to 88 leet la*luw surbnai level. 

Th(‘ lliniiyan^au Tract, has only ora* vilhii^o witli 88 liouseliolds. 
It lies oil allnviiini. ji<-coi*din^ t.o a. ! 4 (‘ological sii[*vi*y [)y Mr. K. L. U. 

( I ‘.tj and im(iei-;»r*uiind suj)|)lies should bo obtaiiiabh*, 

il tile alluvial (h*[)osijs j)rov<‘ thick' enough. 

J'fn* Thitlctkon Tract is .in iinjK>rtjniL one wit.li It villaee.^ (ann 
iaimny a. I.olal ol 71)8 hon.u'linlds. Tin* S4‘a-]’eity peiiod winui no 
wal4*r ('.\isls lusu tin* vilkiiu's iast.s Iroin three io lour months, wln'ii 

supplies are l)i‘on_! 4 hl, lioni .-t reams \rlii<‘li lie on an avcr.iee, about 

ta\o miles away, 'rin* }»ill(»\\ ine villae«*s arc* willim tin* alluvia^ 
area: l^yawyw.i, 8i/«mi^on, \\T‘tl(‘in, Tr*;*}!, 'riiill ('tlvon and ]\la;.tyi- 
;j;an. 'I’hi^tetkon now [)oss<*ssc's a. snpplv' m ito tube well and similar 
iinderjjjroiind (sniditicm. (>i(cb;i.b]v pn‘V 4 i.il in (In* olliers, with the 
evccjitioii ol l^vawvua and Sizoneon, where* iln*v are nol. so (avour.i- 
l>le. d’In*- 1‘emainder ,u'e mi the IJjiper Terliaiv beds. Tin* larue>,t 
Nilla^c* oj‘ the ip*onp, (lsv<*. with JbS hoiis(*holds, is ,ilmost on tin*. <*dee 
ol (Jhj Ter(iari(*s and a promisin;^ site tor a IuIm* wi’ll could doubl-less 
b(' loiiiid cast ot t.lui vil{a.^e and betw(‘('n it and the Samon Hive.r. 

l-)r. tJon^in liiowa rcjiorts (hat (In* ^ oynin Tract has villages 
containin;^ a tol a I ol 188 housi'lndds, supplii’fl by distant tanks and 
water ]iol(‘s lor three or tour montlis, in y<*ars ot drought. Borings 
a, re, not i(‘4a)mnn*n<lod in tin*, cases ot Ywatha \V(‘st, Yogan, 
Nyanngum, Yilkan, rhal»yelha and Kvadwin. K(*c.ondiliomng ol 
old tanks and construction of new oik'S s(‘em to b^* the only solu- 
tion ot tin* problem. .Vashavo, |j»‘tpanbiii and Nyaiinggyit a.rc 
on, or near tin* Thiiibon (Jhaiing, whieh, ]unveA(*r, is not ii perennial 
stream. The prospects ot a successtiil tube well, betwcmi 
Nyaunggyit and Nashayo apjiear to In* tairly good. 

'rhere are tliree waterless tracts in tin* Mandalay district ; 
two ol these lie in the Bingu township ot the Madaya sub>division and 
Mainlalay dts(rk( : one in the Patheingyi townshi]^ of the Ainaia- 
piira su))-di vision. 

Tract No. I of the Singu township has an ar(‘a of about four 
square miles with live villages, Kadotchiii, Yeilwct, Pandin, Tayaw- 
pingin and Pinle-in, containing a total of 220 houseliolds. The 
village tanks are dry for four luoiiilis in seasons of poor rainfall, 
when water lias to be carried from streams from J to 1 mile away. 
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Th(i group of villages is situated on sheet No. 2U of the one inch- 
to-one-imle survey, tin; most northerly being about Latitmhj 22° 
27' arifl Lougitihie 7'. TIk'. neighboui lug rocks b<'long to tlie 

Mogok gneissuse group, which forms an iin'gular boundary \vith the 
alluvium of the Irrawaddy valley. Tlie possibilities of obtaining 
underground water be entirely in the alluvium, to the south-west 
of Kadetehin aiui to the east of Pinhi-in, a,n<l if the alluvium is merely 
a thin skin overlying gneiss, (he prosjxM'ts ure poor. II dt^ep allu- 
vial d<*posits [XMsist u]) to tin* giHussu; boundiiry, tlu' prospects ure 
belter, l)ut not vso good as they are lurther mit into tlie plain on the. 
wi'st. 

The see.ujivl traet, ;ui area, of one or two Sf[uare miles only, eon- 
lains one large villag(‘, V('na(ha, with 250 liousehulds. It [)oss('sse.': 
surlacii wt'lls a.iul a tank. TInsr ai<‘ sullie.Huit in years of good rain- 
l<ilb but in p(‘i iods of drought, ^saterluis to b(‘ e.airied from a sireaan 
lA miles a\Nay. 

Veriatha. is iiV(‘ mih's to the .'.oiii-h eeoi of Pinle,-in in Tr.ict No. 1- 
just described. It lies on alluvium wiih I hi' nearest gneissie, out- 
erop, two miles lo I he north. l-‘r, Ib'ijwn reroninnuids that tlie siirbue 
wells shonhl be dee|)<'ned 0 t.fu'v ha\<‘ no(. prissed through the allii- 
vimn and tlie outer hiyer ol deromp<>-'‘d gneiss, 'the |)o.-isibilities 
of a. lube vM‘ll snppl}^ lien* depeml \ery largi'ly on the ihiekness ol 
the allnvimn. 

Th(> waterle.ss tra.et ol 1lie Patheingsi Towjishij) eoveis ajj area, 
of four or five sipiare jjiiles a,nd contains nine villages with a total ol 
tIO Jiousi'hoM.^. They all piesscss wtlls wliich dry up in the liot sea- 
son, from mid-h’ebnia rv to mid Jiine I'viui il the rainlall is laiil)' 
good. At such sea.'-ons the village.s ol Yoiibin, Kanbyin and 
Shw(*pyi obtam water bojn a. well lw«» imh\s away and the Teinaijider, 
Jiok, TJietkeg\in, Mingan, /idaw, Sinbnt and Vontfia, from a .sjiring 
in Bok Hill at a di.staiue oj 1 mih's. J>ok. t,h(‘ cj'iure of this village 
group, IS eight inih's iiort-li east ol Manila lay. All t he. villages arc' 
built on a narrow alluvial belt betwei'ii (he isolated gneissie hill ol 
Myothoirulantaung on the. west ajid tlie niain outcro}) of the iUati'au 
Jiimestone on tlie east. It. is suspei ti‘d that, the alluvial blanket 
is thin and that it overlies Plateau Lime.stone, whieh would account 
for its inability to hold water for any length oj time. 

The alluvial deposits of the valley under Mandalay cojitaiii 
water-bearing sands and gravids and while there wmild be no objec- 
tion to trial borings west or south-west of the Myotheindantaung 
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ridg(‘, no yuaniiitee can be given that borings in the area arouud 
Jiok, would be successful, owing to the probability of the occurrence 
of Idatoau Limestone at shallow depths below it. 


At the rc([uest ol the Ihiblic Works Uc’partjnout of the (jIovciu- 
inent of Burma Mr. hJ. J. Jiradshaw wrus deputed to make 4a geological 
Sa.Ian Cluun;4 Irri- <-*‘’^a,niiiiatiou of the Sadoii Cliaung Irngalion 
Project, .Uaswe Ih'oject. Preliminary investinatioiis by the 
1 ubiic Works i)(;[)artmeut showed that tlie 
construction oi permanent irrigation works on the Sadoii (lhauiig 
would prove, very ]jroductive and it was proj)os(*d to i;o]isfriut 
d masonry dam, imm tliirly to Lorty feet Jiigii, so as to lurm .1. lank 
near the village of Tanaunggwin. whicli on Sin vey slicet iSo. -St 
I' lli about niiir miles noiih-noi tlneast ol the, tow’ii o( lauiigdv, ingyi. 
tlu‘, southern part oi this sheet., including tin*. r<‘servoir anai, was 
ma])])ed by Mk^ inte (‘.i])iain \V 4 i)ker v.hu killed while wor!:ing 
io the West 01 the area. Xiie mapping ul the sfieel wais eomj)leted 
l^y Mr. h. Ij. (f. Clegg dining the lU 2 iVJG lichl season and he ineor- 
porated Capt.iin Walker’s hold notes in his progress rejiort for that 
year.^ 

ihe beds ma[)ped inelutled Alluvium c'lnd rocks of lin’ li'iuiw'adian 
and Pegu scries. 

llie dam site and the inipoundiiig area lie wholly on liTawadlaii 
locks whieh were e.losely examined by Mr. Jkadshaw. The, irra- 
adians lie beiif'atli arenaceous alluvial deposits vvliieli are, 
capped by bglit loamy .soil. TIkj alluvium contains a good deal oi 
hiiikoy III .striiig()r.s and nodules and ha.'^ occasional beds ol conglo- 
merate eonsist'Jiig oi well-rolled bould(*rs of tpiariz in a calcareous or 
leiTugmous matrix. The alluvium passes imperceptibly into the 
upper strata oi the Irrawadian series whicli consists of sandy 
deposits, false bedded, ill-eonsolidafccd and calcareous in the U])per 
horizons. Thin bands of conglomerate, similar to that found m the 
alluvium, occur* sjioradically in the upper beds ol the Irrawadian. 
Ihe chief member of the series is a pale green argillaceous sand 
mottled brown by iron staining. Though tlii,s sandy rock w^eathers 
like a shale and puddles when mixed with w^ater, it is not imper- 
meable and was soaked with rain water when seen liy Mr. Bradshaw. 
This rock is but partially consolidated and is very friable. It is 
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ilriu wlu‘u dug into but rapidly disintegrates and crumbles when 
ex|io.sed to air. This grecui clay sand is said to be, underlain by 
firm brown (*lay. At tlu* extreme, nortii-easteiii longue of the 
reservoir arcii there an^ exposures of <i coJiipji.ct, giitty ‘‘ p(.‘p[)er'and- 
snlt ” saudsloiie tonhuiiiiig sn\all rounded nodules of grey shale 
and y(dlow ochre :uui alternating with lieds of shale. These strata 
an' tliought to bt' of Pegu ag(3 by iVlr. Bradshaw who la'inarks that 
it is dilhciilt to traee a. precise boundary as the two seri(*s merge, into 
one another. All the. strata in the impoiiiidiiig area show' strong 
current-he.ddiiig hut the general dij) is steady and to tlu*. south-west. 

Trial pits ha<l been sindv at tlie proposed dam site but at tlie time 
oi .Vir. iiradsliaw’s Adsit those in the bed of the stream W(Te filled 
in and the leTuaiidng two Avere obscured by debris Avliieli had iallcii 
into the.m. Tlie.si' ])its showed alluvial s(>il followed by sand and 
gra’rel indieafing the past or present b.ed oi the stream, while beneath 
was green clay sand passing downw'ards into hard brown clay. The. 
strata att-e.st flie rajud lateral variation of the rock series. 

In disenssing t.he (piestiun of the impermeability or otherwise of 
the rocks of tlui ilam site Mr. Ikadshav/ remarks that though there 
Wfis lu'avy rain at the time of his visit the Hows of the trial pits 
\v(‘r(* dry ; he. points out, how'ever, that tin*, surface WivttT may have 
drained out tliioiigli the debris and through the obviously porous beds 
which lit; al)ove the brown clay, lie eonsiders that 1h*' soil tke sand 
witli graved, and the clay sand cuc porous beds and that the clay 
sand or mixtures of it with the brown clay, might shoAv ))ut little 
seepage for a certain period but in the course of time, might disinte- 
grate and be a source of leakage wdiich could not be adcfpiately com 
pensated by ihe sealing elfect of the dis]»osition of clay in the inter 
slices. 

Firm cla>, thanks to its impermeability and high hearing strength, 
is considered to be a good foundation for eartlierii dams and, though 
not ideal, a really hard and homogeneous eiay may constitute a 
reasonably secure foundation for a masonry dam if precautions, 
such as sheet-piling, are taken to prevent the spreading and welling- 
up which might occur were it not so confined. Mr. Bradshaw 
points out that the danger with clay foundations is that the bearing 
strength may prove insulficicnt for the concentrated stresses of a 
masonry dam and that in the case under consideration there is the 
probability of the existence of lenses ol ill-consolidated or perme- 
able materials. The occurrence in rivers of firm hard clay uninixed 
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u'illj sand is (*oninaral-ivoJy r.iro. Tf nancl ho inixod witli Mio clay 
the daiV4»*r ul or iind(n*Miining [rom ahovo and of t'rosioai 

on (Ji.‘ dowii-stn' am sid.‘ is f^r»‘al.ly in(*.roast‘d and it may" ho douhtod 
wliotlior it wo ild .')o safo to <‘o]istrnrt a nias'Uiry' dam on siirli 
loiindaf.iojis. Afr. Rr.idsliavv roiHidcn's that if coiLst ruction l)o 
doc-idc'd (i|>on tin* <‘lay at tho dim site slionld lio oarefnlly oxaniinod 
witli n^gaid to its thichjioss, toxtnro and liomogoai.afcy and that tlio 
site isliould l)t* more tliorougldy provoil thaai has yet been done. Fn 
viow of the unri‘lial)lc iiatnia* ol the roedvs tfnmiselves, the irregular 
bedding and the rapid lateral variation, it would be essential to dig 
a trench at least tw<mty fci-t deef) on th<‘> whole, Ic.ngth ol the, dam 
siti‘ to prove tlie iictnal pr(‘sen(*e of the firm brown (day along tlui 
wfiol(‘ ]in(‘, Slid by drilling in tlit‘ trench to asiajrtain whiddier then^ 
is a snltieicmt thiekness of tliis rock. 

Air. liradshaw doubts whetiiea* the foundations will prov(^ suit- 
able lor a niasoiirv siriietnr*' but conselers that it would be possible 
to eoiisIriK 1 an e.u’thern darn wlihdi would ilself be water-tight and 
scable. [b‘ siatr.^ that then‘ are, nnfortnnat<dy, other (a>usider.i- 
' ions wIik Ii are, to his mind, of sntHedejit weight to give rt'.ason for the 
(jouflemnation oi tin* propo'^ed e.it(‘ of tlie dam arid of the whole 
im|)oiuidin'.r are<i. The e,oineidence in tliis arcja of the Pegii-Jrra- 
wadian boundary NVitli tlnit of the. trovernmmt Re.servtjd Forest 
is due. to tile porositv of tin*. Trri'vadian rocks and, indeed, the. dry 
zone in Riirma. owe,s its <iriJitv l-o tin* permeability of the series. 
Irrigation projects in lira \adian areas must always l>e examined 
with care for it is abuoot a foregone e.oindnsion that thenj will 
be. h'ak.ige. In succ(‘ssfiil cases the initial leakagi*. deenjases in 
time owing to tin*. <l(iposition of (d iv in tin* voids of tlie porous sands 
from iJn* muddy iiupomided vvat(‘r whic.h perc()lat(‘.s through them. 
The IrraAvadiaai an* unn ‘liable ro(d<s and forecasts as to their 
liehavionr art*, hazardous : wln*re, a« in tlm ])resent case, there ari, 
besides tln^ por»vsity of tin*, rocks, other olijtic lions to thti choice of 
any partiiiiilar localily for an impounding s(‘.heme, the possibility 
of suc.cess becomes remote. 

Tln^ natiin* of tin* geologic/d sl.riKjture constitutes the first of 
these additional objections. Throughout the impounding area the 
dip is nnnarkably stt*ady. At the dam site it is down-stream while 
along the westt*.rn margin of the impounding area it is outwards. 
Such a structure would lx*. und<*8u*a1)le in any an*ai in*|which it was 
[Hoposcd that water sliould be impounded. In one where the 
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majority of the rocks arc porous it is probable that the amount of 
the initial Icjikag(‘ down th(* bods, and so out of the impoiindiug area 
would bo Jioavy and Mr. Bradshaw doubts whether it would ever be 
sidliciontly reduced f)y the sealing effect of the clay carried by Ihe 
percolating waters. He points out that, sj)caking generally, in 
the area under coTisideration tin* higher the horizon the grc'ater is 
the porosity of the rocks. Tlie risk of leakage on account of the 
structure is gr('atest along tlu'. west(Tn margin of the iin])oundiug 
area. wher(' tl)e dif) is outwards and it is there that the youngest beds 
an‘ exposed. That these rocks are the most juirous ivS a factor 
which o]>viously increase's the }>robal»ility of serious leakage and 
j\fr. Bradshaw n'Uiarks that a further unfavourable (urcu instance 
is that the impounding of water by a relalivel}^ high dam would 
r(‘sult in tlie. snljnnM’genco of still higlier, and hence more porous, 
horizons witli a convspondiugly increased amount of leakage from 
thii higlicr Jewels. 

Discussing th(‘ topography of the ])roposed impounding area 
Mr. Bradsliaw notes its dece])tive nature aaid how the actual im- 
pounding ar(M would hi', much smalhT than what om? would expect 
at first sight. Alcove tln^ dam sit(i the stream makes a looj> which 
is almost a complete circle. Dm' east of the j^roposed site there 
is a narrow tongue of high ground composed of loosely consolidated 
arc'naeeons (l(;posits with high and exceedingly stee]) cliffs forming 
the banks of the stream. The breaching of this tongue of high ground 
))y the ordinary processes of meclianlcal erosion i.s but a matter of 
time, and is taking ])lae(* with unusual ra])idity. The main factor 
is the und<‘rinining of the bank due. to the erosion of the stream, 
especially when it is in sj)ate. This source of erosion would be 
almost entirely ('Jiminated were the flooded stream to gave i)lacc 
to tlie still waters of a reservoir. Though under-cutting l)y the stream 
itself is th(i (diief, it is not the only factor in the piecemeal erosion of 
the high ground. Heavy rain fell throughout the p<*riod of Mr. Brad- 
shaw’s visit and though this resulted in there being water in the bed of 
the. stream, the flow was negligible and erosion from that source was ?fi/. 
At least twenty landslips were counted in the banks of tlie stream and 
though most of these were small some were td serious dimensions, the 
largest being either at the dam site its(‘lf or on the further side 
of tlie tongue of high ground due east of it. Tt is evident^ihat the 
ground in the neighbourhood of the dam site is uustablc^'"andj[that this 
must be the case is apparent when it is remembered that the high 
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r'litid, which form the hank of tin*, streain and wJiich in some places 
approach the vertical, arc composed of loose sandy de])<)sits. The' 
Id^h ground above the cliffs constitnies a catcJiriient area from wliicli 
tlie siirfiKM- water runs info the streaiu in nunuTOUs streamlets 
all of which are cutting luick ra]‘idlY. liukol c(»hesion in the 

jocks togotlier with the s1c(‘pner s of tlui cliff's greatly iiicreasc t]i(‘ 
amount of erosion effected by rain alone. If two days’ rain can pro- 
duce a large numher of landslips it is clear that fho amount of eiosion 
(luring the W(‘t season will be sc^vere and a scj ious menace to any 
sf ruefure beneath fhe cliff's. In Mr. Bradshaw ’s opinion it is douhifnl 
V. helluu it would be ])OsaibI(j to construct a dam which w ould not b(‘ 
outflank(?d in fhe course of time, lie eoiisiders that bofh from the. 
(mgineering and the geological points of vif'vr tlui instal)ility of the 
(diffs and tludr liability to erosion constitute a danger which should 
not be underestimated wlwui assessing the possibilities of tlu^ 
success of the project. 

With regard to the «iipply of building materials, materials suif-' 
abl(‘ for the construction of a masonry dam are available in rjuantity 
at tlie site of the dam. Tlui clay sand and its mixture should 
b<‘ avoided and only the iirm brown clay used. Jhiildmg si one 
suitable for tht'J constrimtioii of a masonry dam does not occuj 
in the immediate neighl/onrhood of the proiJoscfl site but S()m(‘ two 
miles np-streani along the Sadon Chaung and th(i Tha])ain YoJi 
tlier(‘ arc large quantities of sanrlstone boulders of Pegu age. 
Oart tracks exist and fransport should be ludf-her dilliciilt 
nor (expensive. It is doubtful w'hetlier it would be possible to 
ji]id a sufficiency of solid rock with a,n open lace suitable for 
(piarrying, but thcj sandstone boulders afford an amph^ supply of 
suitable stone. At lltonbo, about two miles from Tanaunggwin, 
there are old lime quarries. Tli(‘se were not examined by 
Mr. Bradshaw but he understands that fhe source of the lime is 
lankar and that the quality is not good. 

In condemning this site Mr. Bradshaw’ considers it unlikely 
that a suitable alternative one will bo found within the Irrawadian 
area and that such a site, if desired, should be sought for up-stream 
in the Pegu region. Such a course would increase the diffi(3ulties of 
constructing distribution channels but no alternative seems feasible, 
except, perhaps, the substitution of a weir with direct irrigation from 
the stream in place of the dam and reservoir of the present 
project. 
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Tlie Public Works Dcj)firtm(‘Rt of fi()Vimiuent of Burma 
reported that the present Siiibyui3:yi Tank lu^ar To/n village;, about 

_ , . ,,, , lunetecu mile's iiortli of l\Ioiktila town. Upper 

Taguiit/aiiu; |«nk i • i *. . r lu 

Project, Burma, winch scores up the' waters of the 

MclMila disirict ; MmRletve'wiii Cliaiin*^, lia<l ae eumulated laree 
Upper Bin nifi. i • • i . 

qiiautitu's oi silt and jts storage eaipaeity had 

heeui cuiisidi'rably leclueed. The biuuls of tJie Sinbyugyi Tank 

were being raised two feet but, as the silt (h'posits continue, it was 

expected that in the near future the maximum flootl level would 

reach the crest level of the embankment. In juefi'rencc to undc'r- 

taking extensive repams to the Sinbyugyi Tank it was proposed to 

investigate the' posoibility ol rehuilding the ancient Burmese 

Taguiidaung Tank which is at prc'sent iji ilisuse, an<l Mr. E. J. 

Bradshaw was (h'pnted to rr'port on the g<‘ological aspects of the 

scheme. 

The Tagundaiog Tank is supj»ooed to liav<*, l)een constructed 
during the reign of King Anawrata aliout three ccmturics ago. The 
remains of the old dam ar<j visibh' in the Momlotvcwin Chaung, tJie 
feeder of tiio Sinbyugyi Tank, about tvvo-aad-a-half miles sonth*wost of 
Tezu and fake the iorui of an eart-hern hund aliout ni]ie hundred 
leet loiig and some sixty feet liigh from the bed of the stream. 
Tile Irrigation Engineers consider that this would be the b(‘st site 
for i-lie new dam AvJiich would be of masonry or concrete arch type. 
The catchment area of the Aroiidetyewin (Jbaung at the site of the 
dam is approximately fifty square miles ^^ith a probahb' run-off 
of about sixty per cent, of the total rainfall, wliich is ai)out thirty- 
two inches a y(Mr. Tlic available run olT would, tlierefore l^e of the 
ordc*r of 1,1 bO million cubic feet. Hough iigures sliow that the 
storage capacity for the propos(M tank would be about 1*28 million 
(uibic feet giving uii irrigable area of about five tliousaiid acres, or 
a net increase of about three thousand acres. Streams in this part 
of Burma are dry for a considerable part of the year but are liable 
to sudden and heavy spates, usually in the months of June and 
August. At the end of October there is again a shortage of water. 
It is proposed that the surplus water from the Tagundaing Tank 
should be diverted partly into the Mondetyewin (’haung and so 
ijito the Sinbyugyi Tank and on the scjutli side ijito the Natkan 
Myaung. The first would have the effect of maintaining Sinbyugyi 
Tank as a subsidiary tank with greatly reduced and moderated 
floods, and would considerably reduce the \oluxne of silt deposited 
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in it. Tho plnioo on tlu', south sido, riinnlng pa.mll«‘I to the Nutkan 
Myaung, would coinniand an ari‘a of al)oiit four square niil(‘s. 

The, site of the datn and of the iinj)Oiinding area, lies within a 
legion of IVgii rocks, on Survey she<‘t No. SI () ]i) wliieh was niay>j)(‘d 
hy Mr. E. Jj. (), Tlegg during the lO'Jl-^r) fitdd season. To tlie east 
of the sheet tliere is a he.lt of alluvium on wliieli tin* village of Tezu 
is situated. To the west of thi.s, running due noi fh and south, there 
is a ridge <d low hills known as tlie Taungnyo IJill langes and 
composed of rocks of tin* fVgu series. The strata consist of altiT- 
nating l)(‘ds of shale and compact, false-liedded sandstoiK'^s with 
occasional thin cahiaieous bands. TJie structunj Is a nion' or less 

asymmetric, anticline with the axis lying a little to the east of the 

hill range. Small minor faults are common and it is probabhi that 

fiirlluM’ to tlie south a fault forms the broken crest of the anticline. 

Th(^ sitt', of the proyiosi'd dam is a bnnich in the. ridge, which here 
forms a natural embankment v\a',st of which tin* stream runs till 
it cuts aitross it at right-aiigh's at the site of tin*, dam. 1’lie average 
dip of the strata is about 35*^ to the W(.‘st, or due up-stn^am at the 
site of the dam. On Mie soutli side of tin* bn'adi the dip i.s steady 
along the lim; of the hvnd but swings slightly to Ihe south-west at 
its southern (*nd, flattening for a short distance*. Hero, about twa> 
hundred yards from the lireach, (here is a. small stream which might 
be adapted to form an escape channel ]»rov^id('d the heiglit wa‘n*. 
suitable. North nf tlie breach Mr. llradsliaAv noticed a C('rtain 
amount of crumjding wdiiJe some of tlie strata soulh of the breach 
show signs of buckling and liave evidently lieen subjected to consi- 
derable stresses. Twm small fauHs were noticed south of the breach, 
one aliout 100 yards soutlneast of it and the other near the small 
stream referred to above. P>oth these faults apjiear to bi* sealed. 

At the dam site theu* is (*\:posed a rather coarse-grained, 

mieaet‘Ous, “ p(‘pp<*r-and-sa.lt,'^ false-bedded sandstone mottled with 
reddish brown iron staining. This roidc is rough and compact and 
suflicieiitly imfiervious for all practical pur|)Ovses. Eastwards it 
becomes rather more argillaceous and friabh* while the clay yiartiiigs 
are more numerous, d'he sandstone beds aviirage about 18 inches 
in thickness and have viuy tJiin jiartings of pape.ry shale or very 
argillaceous sandstone. Occasionally the partings are calcareous. 
The sand.stoiK* and the shale are often rifiple-markeil and sonu'times 
coated with efllorescent sails. North of the brea(*.h the sand.stone 
often contains* small nodules of green-grey shah* or yellow ochre. 
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South of the breacli the rock in fiuer in texture and is greenish buff 
in colour. There are thin purtings of very fine-grained, dark sliale 
whi(‘h also occurs in the. rock in tlui form of small, roun(h*(l nofiules. 

Though the coarse sandstone wljicli occurs at tlu^ site of I he 
dam is itself practically impervious, it is freely joint(‘d. The majority 
of the joint pkanes are parallel to the bedding planes and so should 
not greatly affect the tightness (»f the dam, but those joints whi(‘h 
cut across thi*. bedding planes might b(‘, a source of leakage*, at first ; 
the amount would probably diminish in time and the risk is de(‘.reased 
})y the. fact tliat in many places the cross-jointing docs rnit intersect 
the shaly partings at all. 

No pits had been dug fo prove the strata at the site* of f he dam 
nor was any information availalde as to th(‘ extent or shape of the 
impounding an*a.. In sneh cir<*nms(anees it is nof possible to give 
a didinite opinion on the suitability of the area for the impounding 
of water and Mr. Bradshaw considers t.ha.t his vit*ws should be 
regarded as preliminary rather than final. ]l(* stales that tin* sand- 
stone wliich at flu* site of tlie, dam is a tough and massive roek may 
then* be eonsi(l(‘r(‘d sufru icuilly im])ervioiis fo?' all praetieal ]>urposes. 
The rock se(pienee itsell, eonsisf ing. as it does, of an alternation of 
compact sandstones and thin filiale j)artings, may be pronoiimsal 
suitable for flu* reUuition of wafer. The geological struct un* along 
the line of the hv 7 i(l is almost id(*al, the strike bciiig pai’allcl to the 
line of the Infn^l and the dip iinvards into th(‘ reservoir area. For 
the reasons stated above the iin])oiinding ana was not (examined in 
detail l)iit the cursory exa-mination made indicated that in all prol)- 
ability it would prove wat(‘r-liglil. 

The possibility of tlio existence of small, concealed faults which 
might prove a source of leakage is perhapwS not serious since it is 
to lie presumed that, the reserv(ur has been suecessfully used for 
the impounding of water in tJie past. A more sc'iious fxissibllity is 
that the /irenih in the ridge tlirongh whieJi tJie streajii runs may be 
duo to the pn'sence of a fault plain*. The fault-, if it <*.\ist, is 
lit present concealed by the alluvium but tin* buckling of the 
strat a in the vicinity of the breach and the (*.\is1em*(* of the ])r(‘aeh 
itself, make the presem e of such a fault a ])OssibiIity on which no 
definite opinion can be giveji until tin? sit(' is proved by digging. The 
fact that while solid rock is exposed on tin? ](‘l‘t hank at the breach 
there is no exposure of any rock other tJian alluvium for some- 100 
yards to the south of it, is probably due to the widening of the 
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l\v (‘rofiioii ol tlu‘ U‘(i l»aiik on account, ol lint riglit-hai\el<nl 
turn niiul<‘ by <-lu* strt'.ncn • 

l(-, is r(‘f'Mnimrti(bHl ibal. triid |njs or, belte r, i\ dooj- l-ivncli, sbouid 
br diiL» aloji;; the lino oi’ iJjo proposed dam sifs* to prove tlie ])n'S(‘iu‘c 
or* o(.hiO'\> i>'** id coni iiiiions solid roc'k .snil.ible it>r the foundations 
of ii lun* llui [jart ol I he Icjii^tli of lire proposed bund 

the worlv would merely consist of the raising oi the present level 
t)y a few feet, (food alluvial esuth is available close to the reaervok 
area and there is an abundance of good sandstoiui at the site of the 
dam it sell. Tlie most suilal)le is, m Mr. Bradshaw’s ojhnion, the 
tougli, eompact r(u*lv occurs at I he dam site and which should 

b(* used m prefertmee to the more a.rgillaceoiis and friable types 
which are found cast and south ol tiui breach. The sandslone is 
freely jointed and easy to work. 

Mr. Jkadshaw sugge,sts tlial. should it be dccid(‘d to construct 
an eartheni dam it might be advisabh'. lo build one with a core 
wall l)(icaus(‘, of the ddheulty of bonding earthwork with the solid 
rock which ()(;cufs uortli ol the breach, lie also notes that it is 
where tluj pn^s^'iit breach in the ridgu', e.xists flia.t the embaiilsnunit 
vs'ill be wholly artificial, and .suggests that it might be advisable to 
(*ut tin' escape or ‘>Y<.'rilow cliannels (‘Isewliere ratJier than at this 
pcuiit. 

At the close oi Jiis held season in Hirohi IState, Bajputana, 
Mr. A. L. Coulson proceeded to Jliansi in order to examine a well 
concerning which certain questions had been 

lingiueer, ’Jhaiisi. A 
nevser and a larger seJn'ini* for supplying water 
to the whole of Jhaiisi (.’antomnent having been sanctioned mean- 
w'hile by the military authorities, fhe well in (piestion was n;quired 
to provide only a temporary supply of ()()(> gallons of w^ater daily. 

As Jhansi is situated upon a tract of gneissose granite with 
small stretches of alluvium bordering the rivers, and as this granite 
is not water-bearing excej;t in the upper decomposed portions, 
there is no hope of obtaining artesian water by boring in the granites. 

On account of the special local conditions prevailing, the area 
tapped by the well in question may be considered potentially as 
the elongated mass of alluvium of variable depth and width, 
stretching upstream from the well. JNear the well, there is a natural 
underground dam of fresh granite and so the feeding effect of the 
downstream alluvium may be neglected. In order to augment the 
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supply of water, the well, which is connected to a smaller and dec[:ei- 
well, could be deepened. As an alternative a stone gallery could be con- 
structed from the smaller adjacent wt^ll stretching upstream between 
the larger well, and tlie fresh granite cropping out on the far side of 
the Babeii river, 'this latter method would be l(*,ss costly but would 
not have the advantage ol increasiiig the actual storage capacity 
ot the large well by 120,000 gallons (from 100,000 to 280,000 
gallons) which would be the result ol dec^pening the larger well by 
10 feet, its diameter being 50 feet. 

With the oncoming of the hot weather and the continual removal 
ol Avater from the natural iiiidergiouiui reservoir, the water-level 
drops and, as Mr. Coulson remarks, such a drop might be sutlicieiit 
to isolate the poOmtial reservoir into a number ol smaller discon- 
u«.'ctt*(i ones. The aimiiai rainlail oi Jhaiisi and its distrud is abour 
58’5 inches but, assuming a minimum annual jail ol 15 inches and 
a drainagci urea aficcung the well ol 2 square miles, the minimum 
amount oi water hilling annually to replenisii the reservoir* is about 
■i 55,00(1,000 gallons; it but ^th of ihis were available alter jun-olf 
and evaporation, it would lie sulllcieut to provide 200, (K)0 gallons 
ot water daily jatwidiMj it were ideally avaiiafile llirougliout the whole 
year. Actually, only 3(),(i00,000 gallons are reijiiired annually and 
ill the monsoon liu' 7,500,000 gallons pumped may be considered 
as being oljtained fi'cm tlui ruii-oii portion of the annual fall, thus 
leaving but 22,500,000 gallons to be obtained from the natural 
reservoir dining the remaining 9 months. An actual working tisst 
ahme will tell wludJn'r this will be available l)ut, I*.'? (‘alciilated above, 
the fall is ample to replenish the reservoir by more tJuin this amount. 

A previous test showed 150,000 grdlons of waiter per (!i(ni in the 
hot weather but the te.st VAas earned out aiter a heavy Lhimaorsloim 
and the water was not taken suUicieiitly far dowiisircam to ensure 
that it did not percolate* bade to tin* well. A n(‘W t(*''t was to be 
made and if the supply of 80,000 gallons were maintained, then the 
probabilities of it being available thronglioui the whole year would 
be good at the same lime. It must be remembered that such a. test 
does not repeat actual working conditions inasmucli for the months 
following the monsoon, the supply has not been tlrawn upon to the 
extent of 80,000 gallons daily. 

According to Mr. Coulson there are abiiiKhuit natural sub- 
terranean dams throughout the cantonment area along the courses 
of the Baberi and Dhobi rivers ; the latter is better provided with 
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water storing alluviuiii hut its draiiiagc area is diiefly the caiitoii- 
iiuuit iLsrll and for reasons ol purii.y of su])j)ly, the Jiaberi river is 
to he |)r(derr(Ml. Slioiild any large supply lx* required, either a 
s(‘ries ol wells would Inive to he sunk or else a supply obtained frojii 
a more lavourahJe source without the cantojiuient limits. 

GEOLOGICAL SURVEYS. 

Whilst examining the sillimajute-eorundiim d(‘posits in the mugh- 
hourhood ol’ Sonar Pa liar (near Moiigmaweit village). Nongstoin 
^ State, Khasi Hills, Assam, Dr. J. A. Dunn 

made some notes upon tlie geology ol the 

Khasi Hills plateau. Prom the P>ra.hmaputra (ilaiiis southwards 
the greater jiart- ol the [)]at<*au is s(‘eu to eonsi.st ol a granitic, rock, 
olten giu'issie in texture, it varies lr<an a tim'-grauied joek Ire 
quently linely handed, to a. C/oarse [>orj)hyril ie. roedc, whieh also 
usually shows a e(‘itain amount of h«inding. In (xilour the, rock 
vanes Iroin whiti* to red. So far as could hi" ileterriiuied, this 

granit ic, rock is ini riisive int.o all t he oth(‘r nietamorfiluc rocks - 
inaini}' lioriihlejide s<‘]iist.s a.nd mh'a-sidiists passed ovea* on the 

mareh. 

In tin* vicinity ol Sona Pahar the dominating im^tamorphic 
rock is a sillimanilii coidierite hiotite-ipiartz-mie, iodine gneiss with 
whieh is interhaiuled a sillimanitcMpiartz schist. Au additional rock- 
type is an ort liorhoml)ic pyroxiaie-diopsidivlelspar rock, Therii has 
apjiarently hiv'ii a considerable amount of iolding, hut the gmieral 
sti'ike ol the loeks is east, and west.. 

'riie origin of tln^ ef)rdierite-l)oaring gneiss and the sillimaiiite- 

qiiart/.-sehist is not ilear. There is no doubt, however, according 
to J)r. Diien, that th(*y are iiilerlxidded and the simplest sugges- 
tion would he that tlu'y form a .succession of highly aliirniiioiis 
scdiiniait-iry l/exls, ihe, silliinauite-(|ua.rt>s-sohist representing au 
extreuK'ly ])ure variety ol day. It is within this aluminous series 
that the sillimanite-coriindum rleposits are found. 

"I’hc bottoms of the widii valleys are usually covered with a 
thick p(‘at deposit. 

During the field season 1920-27. the Jiihar and Orissa party 
consisted of Mr. II. tVdl doues ^iii charge), Dr. M. S. Krishiian and 

Uiiiar and Orissa. Suh-Assistant L. A. Narayana Iyer. 

(Bonai and Keoiijliar 
Statea). 
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Mr. Jones continued the systematic geological survey of tlio iron 
ore area in the. I^YMidatory State's o! Bon.ii and Keonjhar, ainl worked 
on the Bihar aiul Orissa standard shetds Nos. 7J (J/l and (t/ 5. The 
geology of th('. area worked over is very similar to tiiat gone over 
last season. 'I'he Iron <.)re serh'S occupies most of it. Good 
sec tions tlirougli the irofi on' range are. not often seen, but the Saiuaj 
strciiui bn‘ak.s through the range near Toda ('Jl ' 59': 85"^ li') and, 
about 111 mil(‘s larfcher to the stuith, near Oumaro (21' 50': 
85*’ 07'), tlie Kurhadi sln^am breaks llirough, and at t^ach f>l these 
]>oijds an) e\'cel)(Uit> s<‘('tious through the range. In the former cixse, 
the l)and(‘d luematib' <|uartzit(‘ which forms tin) baekboue of tJic 
range seems to be vvvy folded ami is generally bent into a steep 
ant ic'linoriiUH, whilst in ili(‘ latter eas(‘ llu^ bedding, whieh strikes 
N.iN.J^]. S.S.W. and dips aboiili 70'' to the W.N.VV., appears very 
n'gular ; alLhough folding and laidting are, fairly common, these do 
not si'eni to afl'ect I hi* general strike and dip of tin* rocks. In the 
Kurhadi stream gorge thine is a. thiekness of about 2,5t)0 feet ol the 
banded luemaiilc (juart/ite c.Kposed. At the. w<‘st end of the gorge 
the (jujirtzite is overlain by thiek Hows oi basic igneous rock (mainly 
epidiorite), which in places lias jienetrated aJong the bedding 
planes and (*raeks in the uj>per beds of (he quartzite, but seems to 
have had little elfect on it. The country at the east end ol the gorge 
is largely I'oven'd, and tlie roeks uiidi'rlying tlie ([uartzite are mainly 
shales. 

An interesting oecurrenc(‘ of voleanie ash, in which are numerous 
well jouriih'd volcanic boinl)S, was uotod in the above mentioned 
basic igneous rock. The ash bed is e.vposed in the Kurhadi stream- 
course near Dadan Jlaiketa, (2P' 5:V : 85’" OG') as a line.-graiued 
greenish-grey somewluit scliistosi -looking rock, m which a number 
of well rounded and sometimes angular boulders up to a foot or 
more in diameter, occur. The riU'k forming these rounded masses 
is a ratlior hard, tine-grained compact epidiorite, and has quite a 
different appearance from tim.t of t-he ash in wdiich it lias been 
emlicdded. It s<»me times contains a?eas of w lute ipiaitz which were 
probably steam lioles when the rock was in a molten condition. 

The conglomeratic sandstones noted by Mr. Jones last season 
were found to extc'nd only a very sliort distance to the soutli before 
the granite appeared. The small exposure of these sandstones in 
the area gone over did not give sullicicnt evidence to decide their 
age. 
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111 the extreme .south of the area worked, the banded haematitfe 
(juartzite and of the Iron Ore series apjiear to be bent into 

a iiurth‘oasterly [>it clung overiolded synolinornin, the western arm 
ionning the main iroji re range, the rocks of which strike roughly 
N.-S. or N.^sl-E.-S.'-.W., with a dip ot about 70^ in a direction W. 
or W.N.W. Tlu‘ cast(!rn arm strikc.s roughly N.E.-S.W. with a dip 
of about dO to 4i)" lu the N.V/. Although there are considerable 
quantities ol good Innmatite in the eastern arm area, the replacement 
appears to be not nearly as extensive or complete as in the 
western arm. 

Mr. Jones paid two visits to the prospecting work being carried 
out by the Tata Iron and Steel Co. at tJieir Xoamundi iron mine.s 

111 the Singhbhum district. Mining work lias 

, , , r • 1 1 1 II 

heen started on a famy large scale and the 
output when tlci mine was visite«l in early April 1927, was about 

1,500 tons daily. This mining work lus proved that some of the 

shaly ore can lx*, use-il in the blast furnaces. This .shaly ore is oiten 
rather fri.ible and tli(‘i*e is a considerable amount of waste ot fines 
during milling, transport, etc. J’he prospecting work has also shown 
that the area is very broken up by iaiilts, so tJiat a larger 

luimber of ])rospe(liiig pits and borings would be uiiccssary to 

obtain anything like a reliable estimate ol the cpiautitics of iron ore 
on the property. 

The geological mapping of Iveonjhar State, Bihar and Ori.ssa, 
which was coiiinienc(‘-d in the last lield-scason, was continued by 
J)r, M. S. Krishuan during 1926-27. The area mapped lies in Survey 
sheets 7.J k/kd, C/f), G/9, G/10 (I inch -i mile). 

The geological se([iionce in this part of the country is the same 
as that given for the. adjoining region in the General Report for the 
last season {Rev., GeoL Surv. Ind,, LX., p. 77). The oldest 
rocks, which are of older Dharwar age, are confined practically 
to sheet 73 F/ld, except for a small area to the west of Kondraposi 
(21° 48' 30"; 85° 31') in sheets 73 G,5 and G/9. A number of irre- 
gular inclusions are also found amidst the granites. They consist 
of hornblende and mica schists, and quartzites ; these last show 
signs of crushing, the fragments having been re-cemented by secondary 
silica. Microscopically they arc seen to consist of quart-z grains 
with sericite as the cementing medium. 

Veins of quartz sometimes traverse the planes of scliistosity in 
the schists, and seem to belong to the period of granitic intrusions 
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since they arc free i’rom the cjfects of pressure prorninonb in the 
schists. The iisuai dirt3ctiou of strike is N.->S., or between this and 

N. N.W.-S.S.K. ; the dip is always hi/^li, and i‘re(pi(intly vertical. 

The Iron Ore seritvs, composed of sandstones, shales, handed 
h einatite quartzites, «‘ind shales, in ascending order, occupy the whole 
of sheet G/5 and the adjoining western ('dge of sheet 7^^ G/9. 
'The lowermost beds are sandstones, with l)ands of quartzites and 
conglomerates. Th(*so dip at 15"' to 25 ' in a direction which 
varies b(^twe(Ui and \V.155S. Idle conglonKuates contain 

[)e]>bl(\s of (pjartz and jasper ; the latter are not found as consti- 
tuents of the older Uharwars in this area, arul hence may either have 
(‘ouKi from a <listaiic(i, or have been derived from beds which have 
since di.sa}q)cared lli ough dcuuidation. 

L^ield evidence shows tini (‘xistenfc of two series of shah's, one 
above, and the other below, the bandiid h ■matite quartzite. Owing 
to their lithological similarity, dishnetion between the two shales 
is ditlicult. Tiiere is prol)ably a slight unconformity between the 
lower sliale.s and sandstoiK's. The slndes strik(j, on an average, 
in a N. hj.-S.VV. dnt'ctlon, the dips being fairly high. The alteration 
of shales to hit 1 *. rite is a wide-spread jdieiioiiienon. At some localities, 
more iavourable conditions have given rise to p.)ck*'ty segrt‘gatious 
of iron and mimgaiiese ori'S (limonite, haanalite, pyrolusitc, wad, 
psiloinelaiie, etc.). 

The banded hematit<^ (piartzlb's are coiifonuable. to the shales. 
They ant composial of alteniating bands of lieiiiatite and quartz, 
the average thickness of single bands being about l/ll)bh iiuth. The 
rocks are considerably folded witli a dip in a N.VV. to W.N.W., 
direction at usually 30"^ to GO'’. 

Parts of the area, particularly tlie hills composed of f)auded 
hematite (juartzite, are capped by iron ore which is a product of 
jiu;taso]aatic rt'placement ot quartz layers by tin* ferric hy<lratt' 
carried down by percolating waters. Th(‘ ju'eseiice of organic actids 
derived from decaying vegiTation and a iluctuating water-tabh*, 
should have facilitated the r(tplacem(3nt. The quartz l(?ach(td away 
during the proc(3SS of replacement is frequently seen at the loot of 
the hills, or in the immediate neiglibourhood. 

The granites arc intrusive into ami younger Ilian the above- 
mentioned formations, and occupy nearly the whole of sheet 73 

O, 9, and the part so far ma^^ped in O/IO. They generally bear 
microcline, and are poor in ferro-magnesiau minerals. Veins of 
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ijiiiirt-z and ju^i^ttialitn seem to l)o common but Dr. Krishnan lias, - 
so far, come across none of the minerals associated with large masses 
of granite. This points to the complete absence of any mineralis- 
ing influences. 

A granite-porphyry occurs in an exposure near Nardupiir (21° 
59' liO"; 85° 85'). 

Jhilonging to tin; same granitic suite, is a dyke of rather peculiar 
sub acid com]K)sition, stretching from Sosang (22° 1' ; 85° ■lO', in 
sheet F, 12), to near Khunlapoda (21° 52'; 85° 89' 80", in sheet D/9). 
'J’lie specimens collinted from this dyke show types varying from 
almost [)ure micro-jx'gmatite (sp. 80/502; slide 17,168) to aiigite- 
diorite witli interstitial micro-pegmatit(‘ (sp. 86/510 ; slide 17,180, etc.). 
Most oi Ihcse show a lair amount of gre(Miish epidote. 

Tin* youngest of the lormations are basic igiu'ous rocks, seen 
mostly as dykes in the, granite region and as sills in the Iron Ore series. 
The, majority^ of the dyk(‘s trend conspicuously^ in a N.8O’10.--" 
8.:i(r\V. direction, wliicli corresponds, in some parts at least, to tlie 
diree-tion of one s(‘t (jf joints in tlui granite. 

The pelrogiapliic tyj»es im'lnde gabbros, dulerites and basalts ; 
tliey are devoid of olivnu' and rhombic; py'ruxene, but enstatite-augile 
is sometiines, and interstitial mieroju'gmalitn almost always, pre- 
sent. This last eJiaracteristic may either l)e due to tlio absorption 
of silieeous material from the granite, cn* may be a peculiarity of 
tJie basic, magma itself. Tln^re is a great deal of similarity between 
Ihesr* and the trap dylvcs of Cudd:i})ah age iji the Madras Presidency, 
and the dykes in the 13i}avvars and Gwaliors (see Sir T. H. Holland ; 
/or., (uv! N/or. Ihii., XXX.; j)p. 81-87) whicli suggests that all 
tJiese may have a eommunity of origin. 

During the lield-seiison, 1926-27, Sub- Assistant L. A. Narayana 
Iyer was (ujgaged in the gedogical survey of the Kolhaii Ooveni- 
ment Kstate, Dihar and Orissa, on standard sheets 78 F/8, F;7, 

F ll and F 16. Sheets F, 11 and F/16 have now been com- 
peted. 

Kocks met with inchuhcl the older metamori)hics as inclusions 
in the Singhbhum granite, the Iron Ore series including the acid and 
basic volcanic rocics, juul the new^cr dolcuite. 

The rocks of the Iron Ore series in sheets F/3, F/7 and F/11 
arc deseiibed as consisting mostly of shales, which show little evi- 
dence ol metamorphism, and in some 2 )laces oven no cleavage, but 
are massive and earthy. These shales often pass into a white clay or 
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kaolin, of which some tlu^ hills are made up. In one place this clay 
was w^orked for some time for kaolin. The shale is sometimes 
sandy, sometimes silicilied and often passes into the dark carbo- 
naceous shale. There are also thin bands of inter bedded sandstones 
in the shale, ami these sometimes form bold ridges. The 
shale varies from an earthy brown colour to almost a pure 
white. 

The igneous rocks of the area arc both acid and basic. In tlie 
will to shale on some of the hills occurs a gritty rock, which 
on examiriation is seen bo be either an aliened acid volcanic tulf or 
a sheared cpiartz porphyry. Tlui latter is a devitrihed ancient 
lava. The ground-fabric of th(‘ acid rocks is so sinuiar to ilu', shales, 
that some at h'ast ol the latter may luive been derived from tliese 
vohanie rocks. Similarly some of tlu', darker shales are dmavtid 
from the weatheiing of the. doh'rites. 

In sheet F/7, the basic voh*anic flows or sills are found to a 
greater extent than in sheet P/il, Tluiy liave been found in the 
north-east eormu’ of the sheet, in the central [xubion and west of 
Sangajata. The first mentioned are in eonbinualion of,, and more 
or l(‘ss in the saim; strike wjth the Sai<lba volcani(; flows map[)(id 
by Dr. Dunn in slieets, hJJ, h/iO and F/J4. A larger developiiuait 
of the basic flow is seen round Keiidl)ai in the Leda lieservcMi 
For(‘st ; here tin', flow consists of numerous l>ands of dolerite. with 
intervening shale (at times carbonaceous) extending from the 

neighbourhood of Kendbai VV.8.\V. towards the Karo Jliver. There 
are also further bauds south of this area lunuiiig waist of the main 
ridge, Patuni ihiru, and also tliin bands riiimiiig along it on its 
east(‘iii flank. kSonm of these bands west of tlie main ridge cross 
the Karo and are found in the hills of tlie Ambia Kes(Tved Forest. 
The dolerite in the areas is somewliat altered ; the pyroxene has been 
cluinged to chlorite, tUe plagioclasij to scrieite and saussuritc 
liberating quartz, while the ilmeiiite has all been changed to 
leucoxene. 

Mr. Iyer puts forward the view that south Singhblium was ari 
area of volcanic activity as well as north Singh]>liuin, but that the 
basic sills and flows do not cover such large areas as in north Singh- 
blium. An additional interest lies in the presence of acid volcanic 
rocks in close proximity to basic while the rocks of north Singhbhum 
show aU stages of metamorphism ; their supposed equivalents in 
south Singhbhum have undergone little change. 

i\ 2 
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Whilst iiivestigaiiiii^ deposits of kyatiite in this Province, 
Dr. Dunn made a traverse through Kharsawau and Seraikela States 

, and the Dhalbhum sub-division of tlic Singhbhum 

Bihar and OrJssa. , ^ ® 

district. 

Dining this traverse lie noted that the beds in nortli Singhbhiim 
wiiic-h he has classified as the equivalents of tJie Iron Ore series continue 
south-east into Dhalbhum and carry the same metamorpliic facies. 
From the general east-west strike of the rocks in north iSinghblium 
thcTc IS a gradual swinging of the strike to the south east so tliat 
ultimately in the south -c'^ast of tlie area the strike becomes south- 
south-east, continuing into Alayurbhauj State. 

Dr. Dunn (‘xamined the kyanite d(‘posits of Barabhum in ti.e 
Alanl)hum district, and is of opinion that the contact between the 
Chota Njigpur granite-gneiss and the Iron Ore series is not a fault 
junction, as indicated on the old maps, but a natiual intrusive 
contact. There is, howeven*, apparently an impcisistc'iit line ol 
iault some distance to the south of the boundary of the grarute- 
gneiss. 


During the field season tlic) Burma I'arty consisted oi 

Dr. J. (.’oggin Brown (in charge), Messrs. E. .1. Bradshaw, C. T. 

Burma Parly. Barber, B. Leicester, V. P. Soudhi and B. B. 
Gupta. 

Mr, E. J. Bradshaw resumed the survey of the Sagaing district 
Init conli acted malaria and enteric and had to close camp 
alter a week’s work on sheet 8T N 10. At 
U|^*w^Bifrina. **‘***^^*’^' the south-eastern margin of the sheet a ridge 
of Archujaii rocks runs due north and south 
on tJie right bank of the llivcr Irrawaddy and consists of gneiss 
with schist and bands of crystalline limestone on its western tlank 
or forming minor lulls west of the ridge. The limestone varies from 
a bluish-grey, laminated rock to a pinkish white marble, usually 
in thin, discontinuous bauds, and is closely folded. Tho cleavage 
planes were observed to dip at about 30'^ towards the east ; the 
bedding is parallel to the foliation planes of the gneiss and usually 
approaches the vertical, but llatteas eastwards to about 45"^. 

Three miles east of Pailu the limestone occurs as bands in a 
weathered, gri'vnish, biotitc schist with the biotite passing into 
chlorite. The rock in the main ridge is fresher, the predominating 
types being a pale-grey or white, finely-banded gneiss composed 
mainly of quartz and felspar with a subsidiary ferro-inagnesiau 
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mineral which is usually biotite but somciimes hornblende. White 
quaitz is copiously injcaited as veins and stringers inho all the Archaean 
rocks. The schist often weathers like a shale, breaking into small 
iron-stained discs and decomposing into a pale calcareous 

clay. 

On the western thinks of the ridge there is a considerable, amount 
of debris which sometimes takes ih<‘ form of a boulder bed with boulders 
of quartz or (»f tlui various tyfies of gneiss in a matrix of cahaireous 
quartz gravel, the in(*lu(l(‘.d boulders being angular, sub-angular, 
or rounded. Eastwards this deposit passes do\vn wards into 
wcatlu red gneiss in situ, and w'est wards into the quartz gravel 
Avhich nn(]erli(‘s the dark soil-caj) of the low ground. This quartz 

gravel is similar to th<‘ Jiiatrix of the boulder bed and consists of 
a calcareous grit or gravel with small, usually unrounded, pebbles 
and boulders of quaitz, gneiss or limestone. Though false-bedding 
was noticed in places the rock is more or less incoherent. The 

general dif) is uncertain but is probably low and towards the W.N.W, 
The. size of the ])cbbles increases steadily as the ridge is approached 
until the deposit merge.s into the lov; scree of debris from the ridge. 
I'iio determination of the age of this deposit requires further field 
work. Though no fossil wood was noticed and though the 
deposit has clearly been derived locally rather than transported, 
it will probably prove to bo Plateau Gravel rather than Older 

Alluviiira. 

In the hills between Saye and Ondaw the calcareous quartz 

sand or gravel is underlain by a Tertiary series of thin beds of saml- 
stone with inti'Tcalated, (^rumbling, calcareous shales in beds a 
fc'.w inches thick. The sandstone is usually fawn in colour, and 
friable. It is sometimes comj)act, ferruginous, and laminated, some- 
times incoherent and coated with efiloroscent salts. Springs are 
common but the water is usually saline. The hills are low and 
undulating with the dip and strike of the rocks very variable. A 
small fault was noticed on the road from Saye to Yemyct. As no 
fossils of any kind were found, furthcT field work will lie necessary 
before it will be possible to subdivide these Tertiary rocks into 
Pegus and Irrawadians. 

Before his deputation to tbe Touugoo and Salween districts 
Mr. P. Leicester worked in the Amherst district for a short time and 
Amherst aislrict,’ mapped part of sheets 95 E/10 and E/13 
Burma, and completed sheet E/9, 
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Tho. whicli oncurs along the roast in slieetn 04 11/12 

and Of) 10 is contitiiKMl southwards into short 05 (O/lO, forming 
<].(‘ lo\v hills of Takalwin Taung (07" 12' 10": 15" 15' ()") jmd Tluibut 
'raiur/ (07 12' 15"; 15' 12' 0") situat(‘(l to lh<» west of Tinyii. 

Ih)th Thalnit 15iung and Takalwin Taung are rom[>osed of hiotif«i- 
granilr. 1’akalwin Taung slope's ,strq)ly to the sea on tlie west 
and on the S(ai sliore there are excellent exposures of distinctly 
han(h‘d hiotite-granite, with xrnoliths of dark hornblende gra,nulite 
liK'(* that found at Amherst and in the other granite i>ceurrenees 
along tin; roast in sln^^t 05 lO/O. The xrnoliths, some of whidi ani 
considerably twist(‘(l, are drawn out in a direrdion N. 15" W. Iloth 
the gra,nit(i and the xfuioliths ar(i cut hy later vdns of ])orphyritic 
granite. 

Thabut 'raung is separated from the sea by a narrow band of 
alluvium and a sandy shor(\ The granite, a hiotite-granite, exhibits 
remarkably good jointing resulting i?i th(i formation of tabular 
Idork's and tlnj ground around the hill is strewn with granite boulders. 
The east(‘rn sl()i)es of both hills an*, covered with laterit(‘ m\‘ir 
tlu' foot and beyond the edge of tin*, laterite is a f(Ttile band of 
alluvium, a (jontimiation of the alluvium found to the north, stietcli- 
ing to the ruilw^ay on the oast. 

The westerly d!|)|)ing sandstoinis and shales of tlie hills on the 
roast near Amherst appear to be repres(‘ntcd ))y the sedinnmtary 
rocks which form Mawpalaw Taung (sheet 1)5 Ii/15. 07" 40' ; 15" 52'). 
'rids hill is situated east of Karopi and forms a short ridge, with 
a direction N.M.W.'- S.S.K., around whicdi tin mining is ladng 
('arried on on a small srak;. The hill is composed of red, buff ami 
white sandstone ;md banded quartzite associated with shales and 
<lark ndcac^eous slate. The whole is cut by quartz veins and 
.stringers which pn^siimaldy carried the tin found in the laterite at 
the foot of the hill. The strike of the sandstones is N. 25" W., 
with a dip of 45" to the west. 

The tin ore? which is recovered from the laterite tit the foot of 
Mawpalaw 'faung by sluicing during the rains and by panning, is grey 
cassitorite with a little black cassiteritc\ The ore appears to be 
derived from small cassiti' rite-bearing quartz stringers intruded 
into the sandstones during the ])criod of granitic intrusion of the 
province. The tin has been concent, rated in the alluvium of the 
hill-sides and now appears se.ittered through tluj laterite*. deposits 
in the vicinity. 
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Mr. P. Leicester, in the course of the work of the Rangoon Water- 
Supply and Ilydro-Rlocfcric Survey Party, mapped j)art.s of sheets 
94 R/ld. 9i F/3 and 94 F/f in tht^ Toungoo 
dlsfrTds^ Salween districts. Th(i geology of this 

ar<‘a Ijas a-lready l)ec*n referred to under the 
Jtangoon Hydro-iilcclric and Water-Supply Survey on page'. 29. 

The lij)(i-graincd granite, mentioned on page 31, when (jxamined 
und(‘r the microsco])c, proved to be a soda-granite with quartz, 
dominant idiomorpliic all)ite and subsidiary allotriornorphic ortho- 
clase and large well pr(‘served laths of broun biotitc. 

The medium-grained granitic sliows quartz with dominant 
orlhoclas(', ])erthite, albitc', ])iotite and accessory magnetite, and is 
tlnis a potasli granite,. Among the granites met was adamellite 
consisting of quartz, oiiJioclasc and labradoriie in nearly equal 
proj)ortionH with l)iotite aiid accessory magnetite : boulders of 
hornblende-biotito granite arc of frequent occurrence in the stream- 
courses. 

About three miles S.E. by S. of Pyagawpu village an inter- 
esting example of river capture was noticed. The Bilin Chaung 
has captured (he head wat<‘rs of a stream flowing northwards into 
tlu^ Thelaw Klo and has since continued to cut its way downwards 
through the alluvium and the uiKhu-lying slates until, at the bend 
where the 15ilin Chauug turns to flow south-eastwards, it is now 75 
foot below the valley of the former stream, leaving a cliff of alluvium 
at tin; southern termination of the Pyagawpu valley. 

Mr. V. P. Sondhi ma])pc(l parts of sheets 
(ridjwf*'”'*" 'VIG, J/ir>, J/M. N/4 an.l N/3, in iho. 

Ijowcr Chindwin district, Upper Burma and 
recognised the following series and rock types 

Alluvium, 

Plateau Gravel and Plateau Red Earth, 

Irrawadian scries, 

Pegu series, 

Igneous rocks. 

The area examined forms the catchment area of the River 
('hindwiri, which is flanked on both sides by belts of alluvium of 
variable depth and width, generally consisting of a buff to brown 
sandy clay, resembling weathered Irrawadian sand-rock, from which 
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most of it is doiilitloss deriviHl, though locally its lithological cliarac- 
U*TS arc highly variable. Tn tlic vicinity of the volcanic till! 
deposits it is seen to be inliinalely inived with the latter and 
along the riv('r luxnks near Motiywa (•22'’ 7'; 05'’ 8') it is fre.cjmMit Iv 
found to contain disc.ontinuous bands of ferruginous (*onglo?nera(<\ 
with (K'casiojial |jie<’es of rolle<l fossil xvood. 

Most of the country north «>f tlui North Yama Chaung, which has 

a,n easterly course in Sliecds 81 J/tO afid 81 X/d, is (xjc.upied by the 

IrraAvadian seih's, (»ft(Ui covtu'cd by p;iM'.h(\s of alluvial mantle 
(‘onsisting of an uristra.tili<‘d dej)osit of ineoliereut ydlovvish sand, 
soinetinies staiiu'd red v^dtli iron o\id(!. Kor the most part it Is 
pure, though varieties mixed with clay, or locally containing lenses 
of pure tcmacious clay, are not uncommon, niscontiniious bands 
of hard h'rrnginous conglomeral-'^ and grit werci noticed at seveial 

places m this deposit and bn ally it is found to be very rich in silica- 
tied tree trunks, which are sometinuM vc^ry large. Along the lliver 
Ohindwin the sand is generally hardened into a loose ^andslonc' 

and often shows false-bedding. 

The outcrops of the; Irraw'adiviu series arc? usually capped by a 
surface deposit of Plaieau lied iOartJi, coTisisting of a brick-nnl 
sandy clay or of riateaii Gravel; the latter is i-hc more fregnont of 
the two, consisting of large rounded quartz ))cbbles with fragmcuits 
of fossil wood and ferruginous coric-rotions in a loose, reddish, gritty 
matrix. West of Kani (22"' 27' ; 01'^ 51') it contains an abunclanco 
of fossil tree trunks and near Xatyin Daung (22''’ 31' ; 91° 57') it is 
particularly rich in ferruginous concretions. 

Soulh of North Yama (Jhacing a portion of the Pegu series was 
examined while its junction with the alhiviuin wa^ being mapped west 
of Monywa. The lithology of the series difh*rs widedy from thc^ type^ 
sc'ctioiis in tlie. oil lifdds, ihe rock being a bedded calcjarcous sand- 
stone. The dij)s arc* veuy variable and cannot l^e rclic*xl ojj, on 
aec'ount of the great dislurbance caused by igueons activity in the* 
late Tertiary period iminifest in a number of small exposures in 
the area. 

Th(5 chief geological interest in the* area centres round the varied 
suite of intrusive and extrusive igneous rocks, a more or less coii- 
tiuuous line of whicJi runs towards the north and has been folhwod 
for about 25 miles. For the last 13 mil(‘s or so they take a north- 
uasterly direction and form a chain of extinct explosion craters which 
constitute a remarkable topographical feature of the country. 
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The igneous occurrences, which are manifested in a variety of 
forms, n)ay be grouped wdth regard to llieir geograjdiical distribu- 
tion, as follows : — 

1. Phyuliiic exiriisiun, with associated rocks, W(‘st of Monywa, 

2. Hongyaiing explosion crater. 

JMyayeik Taiiiig oecurre,Tu*es. 

4. Silaimg Taung basaltic mass. 

Okkan upland (‘.xtrusive and intrusive rocks. 

6. hLxplosion craters from Leshe (22" id'; 94'"’ 57') to Okaing 

(22"^ 24' ; 95'^ :V). 

7. Tsbilyindaung basaltic mass. 

8. Isolated full deposits. 

Al)oiit seven miles W.N.W, of Monywa, in Sheet 84 1^/4, a couple 
of liump-sliajjod hills stand cons])ieiously al)Ove ihe surrounding 
plain north ol the Ywashe-Yinmabin road. They are composed of 
highly ^veathered rliyolitie. tuff and agglonnTate with occasional 
)>loeks of rhyolit(‘,, and S(‘(‘in to have undergone hydrothermal 
alterations r(*sulting in the introduction of copper ore, which was 
changcid later into malachite and clialcliajjthite, oe.ciirring as veins 
and inL])r{‘gnaiions in the tuU and sometimes containing disaeniinated 
grains of jjyrite. 

Idle low ground between the two lulls is occupied by a highly 
decomposed inieadiornblendc-porphyrv. traversed by veins of cal- 
cite ; at the northern end of Hill 994 ” there occurs a pink 
quartz por]diyry in the form of a dike partly running into the 
North Yama Chaimg. 

llalf-a-inilo north of Mogyobinkanbya (22'" IV ; 96"^ 2/i a highly 
(huiiulcil conical hill of rhyolitic tulf tand breccia is described by 
l\lr. Sondhi as cutting through ihe Pegu sandstoiui, and another of 
rhyolitic, iuif and agglomerate cuts through the sandslone of tin* 
same s(*ries two miles E.S.E. of the village. 

Two miles east of Songyaiing (22^ 12' ; 95*^ 2') on the right- bank of 
the River (Jhindwin, opposite Alon, is a low N.K.-S.W. bill with a 
gentle slope on all sides except the north wfu're it (‘ncls abruptly 
ov(!r a shallow lake, with a scarp about 100 feet in height, deeply 
truncated near the north-eastern end and marking the sikj of an 
extinct crater. That part of the hill wliich abuts on the river is 
composed of a highly jointed, comparatively fresh, dark, olivine 
basalt, which under the micro8Cop<i is seen to contain well-developed 
olivine phenocrysts in a ground-mass consisting of felspar laths, 
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iniinite grains of olivino and aiigitc, and magnetite dust. A little 
away from the river tln^ roek becomes liigbly sooriaeeons and vesi- 
cular. Furtlu'r west it is r('])lae<‘d by a very eharaederistic bed 
about G IV'et tliiek, of la])illi held togt'thrr by a s])arsi‘ amount of 
an easily weatherable cement coinposcitl of volcanic «asli. South- 
west of the lapilli bed thiire is a de[)Osit of pyroclastic material, 
consisting of a number of unconsolidated beds of basaltic tuff, 
with a (puuitity (which varies in dilTercmt beds) of rounded cpiartz 
pebbles, sand and occasional jhoces of fossil wood. At dillcrent 
horizons ui this (hjposit tluue occur ))eds of line volcanic dust arul 
ash, which an* olten finely laminated. Repetition of the beds of 
coarser pyToclasti(' material and laminated voh.*anic rliist nuuks 
the diif(‘rent phases of the explosive energy of the crater, and 
suggest that th(‘ material was deposited by a series of rapid explo- 
sions of varying intensity and short duration. 

The bulk of the deposit is composed of tufT with small basalt 
fragmimts, the general paucity of large blocks being very cons[)icu- 
oiis. It is greenish brow'ii when fresh but becomes darki^r on the 
weatluned surface. Th(‘ gtmeral dip of tile deposit is to the south 
but near the centre of activity it is variable in direction as vvidl as 
in degree. Sonui natural caves between the bedding planes, and a 
few small faults W('re observotl, tlie latter being probably caused 
by subsidence of the cave-roofs. 

One mile west of Myayeik (22*^ 8' ; 95° 1') is a group of three 
wsraall elevations known as Myayeik Taring. The main hill is com- 
posed of silicified rhyolite wdth blocks of quartzite on its northern 
side. The small hill to the west is of shattered quartzite and higldy 
altered basalt, and in tlic Yaniadaw Cliauiig in the south-west there 
is exposed a white rock cioniposed of decomposed felspar in which 
crystals of biotitc arc very prominent. One mile W.S.W. of this, 
quartzite and liasalt are again exposed in a section along the North 
Yama Chaung. 

Eiist of Myayeik there is another small hill of purple quartz 
porphyry with specks of white decomposed felspar and hexagonal 
plates of glistening biotitc. 

About one mile north of Silaung (22° 10' ; 04° 59'), Mr. Sondhi 
reports, is a plateau-like elevation about 1} miles long and 'I mile 
wide. It is (composed of a dark-grey olivine basalt similar to that 
of ySongysung crater, but unaccompanied by lapilli or tuff. On the 
other hand pink calcareous sinter with embedded fragments of basalt, 
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is met with some way down the slope of the hill. It is surronnded 
on all sides by the alluvial plain, except to the north-west where it 
appears to cut throii;:]r[i yellowisli sand with fragments of gi'it, 
appar(mtly belonging to the Irrawadian stuic's. On thf'. W('st and 
south-west a slightly metamorphosed granite, much decomposed at 
the surface, is met with in a small stream. 

One mile west of Silaung Taxing another broad plateau-like 
elevation is covcrc'd by an old green basalt, intorbedded at plac(‘s 
with (juartzite. The basalt is highly decomposed but the chief 
interest of the exposure lies in the occJirrcnce in it of a variety of 
intrusive rocks. Near Okkan (22''* 11'; 1)4'* 57') a coarse-grained 
white granite, composed of an ('qual amount of quartz and iVdspar 
witli a little hornblende, is found weatluiring into a eruml>ling 
white earth. 

One mile east of Taimgbu (22*^ 12'; 91° 57'- is an occurrence of 
granoph}Te, a very compact rock, grey in colour, with white crystals 
of felspar and shijiing quart/. Under the microscope an interest- 
ing gradation from the cryptoerystalline to a perfect spluTulitic 
texture is noticeable* The interspaces between the spherulib's arc 
occupied hy a crypto granular mixture of quartz and felspar, ))assing 
into a cryptographic texture on the margins of the sjdiernlites wiiich 
in turn passes to a true spherulitic texture towards the centre. 'Che 
spherulitic texture is sometimes setm developing round tlie quartz 
and felspar ])lienocrysts. OtluT varieties of granojdiyrc wenx* met 
with in small streams north of Taungbu. 

South of Chindaung (22° M' ; 91° 57') the hill marked Myefcthaung 
Daung on the map is (•.om])ose<l of a vesicular, dark oliviiio basalt witli 
phenocrysts of oliviiU‘, augite, hornblende and plagiueJase, (‘nilx'dtital 
in a ground-mass of the same minerals with abundant laths of 
felspar and a little glass occurring interstitially. It ajipoars to 
rest upon the quartzite. 

At Chindaung there is another hillock of a fresli, highly veaicailar, 
olivine basalt very much finer grained than that described above. 

Half-a-milo west of CJiindaung a granit(^ boss is exposed in a 
roughly circular outcrop of about 1-J miles diameter. It is very 
coarse grained, white in colour, and speckled with glistening biotite. 
On the west it lies in contact with quartzose grit and sandstone, 
presumably of the Irrawadian series, which appears to be hydro- 
thermally aflected. On the north it is overlain by a surface deposit 
of Plateau Gravel. 
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Mr. K. I). Oldliam lato of this DopartoKint wrot»^ a dctaih^l 
d(‘.s(',ri|)ti()ii ol the of th(‘ t‘X})losiou craters from Ijcshe to 

rwjndiun)<];d fo wJiicli there is little to add. The following remarks 
!nay he eoDsichjred a summary of Mr. Oldham’s ohsia'vat-ioiis, 
tog(‘iher with such additional information as came to Mr. Soudlu’s 
notice. 

A striTig of explosion crat(*rs. about eight in number, oenirring 
in 1h(i form of i ircular pits froni half a-mih‘ i,o ]| miles in dianu'ter 
and 150 fe(4. in (h'pth, runs lro!]i l^eslie in a. north-(Msterly direc- 
tion for about miles, e.rossing lh(‘ River (diindwin at Sh\v(‘/a) (i 
{'Ar Of)" O') and ejiding at Okaing 21'; 95° 3'). The pits 
to the W(',st of th(‘ riviT Ohindwin, i.c,, at Lesho, TwinyWa and 
'raungbyauk, are st(‘eply walled by a deposit of l)edded basaltic 
ash and tiilT, about 50 feet thick and resting ii])on the yellowish 
brouji sand of the Irrawadian series. The outer slopes art^ vi*r} 
gentle and ar(' covered by the volcanic deposit for one to three miles 
from th(* cr»‘st of the crater pit. Near the margins of the de}>osit 
the latter is invariably seem 1o overlie the Rlat(‘au (Iravel. fii three 
of the crat('rs, one at (‘ach of the above-iuirned villages, the floor 
is partially covered by lakes, which being below the lev(‘l of per- 
manent saturation are h'd by small .s[>rings oozing out near the edges. 

The absenc(5 of any hai’d rim of basalt in tli(\s(» craters, saving a 
narrow basalt plug in tlu* Taungbyauk (‘-rater, is very conspicuous, 
and it seeims highly probable that the pits were originally ranch 
narrower and deeper, and that the present width and comparative 
shallowm'ss aie due. to the gi*adual infilling of the pit by raaterial 
waslied down from the receding sidi‘s, whi(di staJid unprotecti‘-d in 
file abs(‘n<a‘ of a hard crater rim. 

'rile Twindaimg eratvr on the east bank of the Riviir Chindwin 
differs from the r(*st in liaving a partial rim of basalt on its three 
sidt's and, on f hat aecoimt, of all tin? craters it is the dee])est and the 
most perfectly preserved. It further differs in the natiircj of its ejecta- 
monta which include, apart from the usual vuiriety of olivine basalt 
met with at other placcis, blocks of hornblende andesite, peridotite 
and augite rock. 

The Natyin Daung basalt mass (22° 30' ; 94° 59') occurs in the 
form of a doul)le ('-one cutting through th'’^ Irrawadian sand, and is 
composed of a characteristic; light grey to dark grey olivine basalt. 


1 Jfec, Geol. Surv, Ind., Vol. XXXIV, pp. 137—147. 
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The two cones are separated by a narrow depression, tJie Hoor of 
which is level with the siuTOunding plain. The southern hill, which 
is the smaller of fche two, presents a dyke-like appearance as viewed 
from the soutli, and shows deep vertical joints, whertMs on the 
northern slope regular horizontal joints are developed, giving the 
rock a perfectly bedded or platy appearance. On the uoilhern hill 
the basalt is darken' in colour and much scoriated. 

Ueuuded reninants of older voh'anic tuii deposits of a i>as:iltic 
iiature, which, jndging from the distance from fche craters at whicli 
they are met, must Juiat been more extensive tlian the newer ones, 
are encountered at S(‘\'er.d places south ol the Twindaung crater 
iiinl at JJandnv(‘ (:J2' ; Do'' O'). Their general outward appear- 

aue<i and curvature suggest tliat the craters irum which they ori- 
ginated occupied veiy much the same position as do the existing 
ones. 

On tlie east bank of tlie liver CJiindwiii, opposite Matlabo i^lortli 
(J2' 18' ; 2'), a cliff of basaltic tuff, similar to that of the other 

/•raters, stands conspicuously over the river, aecompauic'd by 
hug(j blocks of basalt, Tlie latter suggest the proximity of the 
source, but no crat(-*r was actually found in tlie vicinity. 

It may be noted that in the area umler consideration more tliaa 
one ]>erjod of igneous activity is noticeable, and that the youngest 
approx iniattdy coincided with the older in geographical position. 
The oid(‘r, or late Tertiary, activity is repn?sented by a more or 
less complete cycle as under : — 

(1) The extrusive phase including the isolated basaltic tuff 
deposits at Jiambwe and south of Twindaung, the older 
basalt of the Okkan upland and the rhyolitic extru- 
sions west of Moiiywa. 

(2) 'J'lui pliitonic phase -including the granites of the (Jkkan 
upland and west oi Silaung Tauug, 

(8) The dyke phase —including the granophyres of the Okkan 
upland, the quartz porphyry and mica -horn blende - 

porphyry east and south of Myayeik. 

The most recent volcanic activity is manifested by the extrusive 
phase only, and is represented by the existing crater pits and their 
cjectamcnta, including the Natlabo lull deposits which rest upon the 
Pleistocene Plateau Gravel. 

The olivine basalt masses which cut through the Irrawadian 
sand-rock, and the older basalt at Siiaung Taung, Myetthaung Daung, 
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(!hiu(]aung, and Natyimlaung, an* comparatively fresh and iindc'- 
eoni[)(>.seil, and are inueli youn^n'.f than tJn^ gn5(in ])asalt of the Okkan 
upland, l)Uf there is no evidence to show how far these basaltic 
extrusions are connected with the latest or post-Plcistocene period 
of igneous activity. 

Afti‘r short instructional visits to Yenangyaung and Singu wlnue 
he studied the Tertiary typo sections, Sul)-Assistant 1 j. 15. (Jupta 
r(*suuu‘d survey work in the Lower Cliindwin district, com]jleted 
sheets 81 J/iri and J/l(i and mapped part of sheets 81 J/J I and 

The greater |)art oi slieets 81 J/lo and J/IO is occupied by rocks 
of tlie Irrawadian seiies. In tlie nortliern })a.rt of sheet 81 J/15 
there is an inlier of tin* i*ondaung stage and in sheet 84 J/IG there 
are some igneous outcrops. The rest is covered by il(‘cent deposits. 
Loose sandstone', ^rits and ferruginous conglomej*ate are the chief 
componeuts of lJn‘- Irrawadian, though subsidiary beds of shale, are 
not infre(jueully found. Judurated saudstuiic was noticed in the 
river bed near the village of Thanlegyi -,22" 12'; Dl^" 51', a|)]U'ox.) 
ajid also in a naUt about Jialf-a juih' south oi the villag(‘. Wazin 
Taung is conipc^scd (h‘ LniuadiuJi locks, some of the lower beds 
b(‘ijig inetamorp]iose<] as a n'sult ol igneous intj’iisions in the area. 
A vertebi’,it(! fossil, [)rovisiunally j^referred to Mastodon, was found 
about three-and-a-luilf miles E. 10" N. of Nyaunggaing (22^^ 12'; 
1)T' 17' 50", aj)j)rox.). b'ossil wood is plentiful throughout the area 
covered by the two sheets. 

The I’ondaungs are represcJited iji sheet 8l J/15 by sandstones 
and conglomerates of the usual tyjx?, no fossils being found in them. 
On the western boundary tlie Irrawadian appears to rest uncon- 
formably on the Pomlauiig. In sheet 81 J/IG l)asalt and olivine 
basalt tiiiis were noticed about a mile south of Obo (22° 10' ; 91° 51' 
30", approx.), the chief component of the tuff being olivine basalt. 
The cementing material is calcareous and quartz was noticed under 
the microscojie. Basalt was also found in the pass between the two 
conical hills south of Wazin Taung. Decomposed biotitc granite 
was noticed north-east and south-west of Wazin Taung and a V(?ry 
small outcrop of dolerite was seen cutting through the granite 
exposed north-east of Wazin Taung. 

The rock formations met with in sheet 81 J/11 are Irrawadian, 
Pegu, Yaw Shales and the Pondaung Stage. The last three have 
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a general westerly dip and crop out (iuusccutividy, a scarp foriniug 
tlic eastern boundary of the Ihigus. The Irrawadiajis are faulted 
against the rondaiings by a strike fault wui(‘h ruijs ajjproximatoly 
north and south. The Tegus are chitdly composed of massive 
muddy saudstoiuj with intermediate thin bauds of rather arejiaceous 
shale. Because of insuflicfent fossil evidtuice tliey have not beiui 
dihV.rentiated. Current-bedding was noticed in tin', sandstone in 
some of the sections. A narrow oiitcroj) of Yaws, about lialba- 
mil(‘ wide, was ma]>ped ; the rocks ar»* chi(‘lly uufossilil'erous shales. 
Sandstone and conglonuu’ates predominate bi tlie Bondaungs. The 
constituent pebldes of tlie conglomt‘rai('s are rather smalh'r tlian 
those seen in tin* inlier noted above or t]ios(‘ notietid i?i the i\Tyjung 
an\‘i. Th(‘ gemu’al ting(; of the >sandstone.s is gr-smish, wliile a nsldisli 
eaitli r^vuilts from tlio decomposition of tiu' argillaceous beds. 
No fossils were found in these rocks. 


The area west of longitude 91^ 35' on Si .1/12 was .surv('yed 

by tin? late Captain F. W. Wallan* during ih(^ 1922-23 held st^ason 
(/Ac., Gcol. Surv. IruL, Vol. LVJ, p. 11). Of the nanaining portion 
the north-east(;rii corn(*f was mapp(‘d l)y Mr. B. B. Gupta during 
the. period under rej)ort. Pondaungs and Inavadians w(jre tlie 
only formations mapped. The fault betwtnai tluj Fonda ung 8tag(‘ 
aiid the Irrawadiaii, noticed in sh(*et Hi J/11, was traced as far south 
as the. Tiiizou Cliaung, west of Kabyu (22‘'' 12' 30"; 91"" lO'). A 
v<;rteljrato fossil referred to Skyodoii avus found south of Kabaiiig 
(22° 12' 30"; 91° 11', approx.). 

At the request of the Government of Burma, the fonnm* jiracticc 
of having an oflicer of the Departnumt siatioiuai pernuirKuitly at 
Yeuangyaung has been re.vived. Throughout 

YcimisSns^orK^ year under report Mr. T. Barber acte.l 
as Kosident Governimuit Geologi.st, Yeii- 
augyaung, and as Official Member of the Yonaiigyaiing Advisory 
Board. 

In addition to his advisory duties Mr. Barber submitted several 
conlidcutial reports on various subjects. 


During the field season of 192G-27 Mr. Tip[)er took over tern- 

Central Provinces aiKl porary cLarf'c of the Central Provinces and 
Central India, Central India Party while Dr. Fermor was in 

charge of the Office. 
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Mr. CVookshaiik continued his mapping in the northern Satpiira 
tract, the ground survc'yed including portions of sheets 55 .1/10 

, j, 1 , * J^f^d lying mainly in the northern 

Chliindwarrt district. , r • f ... 

pari, or tlni (Jhlundwara distiict, but partly 

in the southern ])art of tlie Aharsinglipur (tistrict. d’hc ground 

surveyed was occupied entirely by (Jondwanas and Deccan Trap, 

in the juojKntion roiigJdy of 3 : 1. 

The (fondwanas are reterred by Mr. t-rookshank wholly to tlie 
Mahadeva division, ajid the obsrTved thickness in (lie st^arps (‘ast 
()!' tli('. Di.dlii river is some 1,000 ie(‘t. dhesij strata can b(.‘ divided 
into two fairly W(‘ll detined sub-divisions, ol wliicli tlie, up[M‘r lies 
((» the (‘ust and ronsisls of about .‘500 feet ol line-grained sandstoiu* witli 
ear bomieeous clays iind a- 111 tie. (‘unglonuuate. Jn these strata lossil- 
planl-s are. abuinlant, and ronu' dozen iMierenl. species wauv (;ol- 
It ct(jd ; I lie specinieiis have been iorwarded to ProJessor Salmi 
lor 'd(,uititi(;ation. 

'i'he lower subdivision is best s(‘en to the north and west, and 
is charaderisecl by inasses of coarse conglomerate and numerous 
variegati’d clays. IS'ofinally it is nidWilitcrous, but unid<mti- 
lial)l(' pla-nt rcniams an' iauly common in (he silicilied clays, winch 
occur wlicrevc'f Deccan 'Iraji inlrii.^ivi's juerce this sc'ries. 

Tlic juncitioii bctwci'n tlic'se tw'o subdivisio/is is wed inarkc'd 
on the nortliein edge of sheet 55 .J/11. Especially is this so near 
Saonri, where tlu; plane of contact is dearly an nnconformity. 
l^issing from east to west, there is no sign oi any boundary. Indc'od, 
the red clays ol tin* lower sub division are in places found intercalated 
bedvveen carbonaceous clays tyjiical of the upper sul)-division. 

''The Maliadevas lie almost lioiizontal, and such dips as have been 
observed are due to the disturbing effect of the Dciccan Trap in- 
trusions rather than to any regional folding. Minor faults appc'.ar 
to be common, and aic* frequently seen in places where carbonaceous 
beds exist and make obseuwation easy, but no faults ol iinport-aiuai 
wore definitely fixed. 

The Deccan Trap rocks occu}>y in all about one ijuarter of the 
area mapped and frequently lorm important liill rangi's. They 
consist mainly of immense dolcritic sheets several hundred feet thick. 
Dykes are also fairly common, but are much less cons])icuoiLs. 
Ill many cases they merge into the sheets. Aitbough the tract 
mapped lies to the nortd of the country occupied by surface lava 
hows, Mr. Crookshank believes that two hills lying north of Kotri 
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may coiitaiu the remains of a true flow, although this is by uo mea is 
certain. The [letrology of this iiitcrestiiig set of intrusives is 
similar to tiiat of the country noticed in the previous General Report. 

During the season L9JG-27, Mr. W. D. West spent four months 
Oil the continuation of his survey of the Deolapar sheet (55 0/0) of the 
Nagpur district, working to the north of country 

Nn^piir (lis(ric(. pi’ovioiuly mapped, tispecially in the neigh- 

ijtjuriiood of Silari, Khapa, Kadbikhera, Tuyapar, Pimlkapar and 
Karwalii. The last named village lies near the Seoni border, whtue 
Air. West succeeded in joining up his work with ground mapped 
by the late Mr. ilurton in 1012-13. 

The general result of iJiis season's work is to confirm the suc- 
cession of .strata as prtwiously deduced and to render possible a 
geinu’al view of the disposition of folds throughout the southern 
portion of this shoot. In a generalised map it is shown that the 
important Siiari-Salai anticlinorium of calc-granulites and cal- 
citic marbles oi tlio (Jtekata and Lohangi stages runs right across 
the map in an D.S.D.— W.N.W. direction. To the north of 
this is the Di)ngartal-Pindkapar synclinorium of dolomitic marbles 
of the Bichua stage, with an a.ssociat<id anticline (the iuya[)ar 
anticlinorium) of the Ohorbaoli (juartzjte st.ige, with a core of cal- 
cilic juarblcs and calc-gramilites. Kurther to the north between 
Pintlkapar and Karwahi is a belt of fol<l(‘d dolomitic marble, and 
(pi.irt/ati 5 .s of the Bichua and Chorbaoli stages respectively, in which 
the marbles occupy broad .syiiciiues a.nd the <[uart/ates narrow separat- 
ing anticlines. To the south-west of the »Silari-Salai anticlinorium 
is the broad Junewaui synclinc of do.omitic marbles. Between 
the Chorbaoli an<l Lohangi stages comes the xVlansar stage or manga- 
nese-horizon, when present. Prom the di.stributioii of manganese 
ore to the south, nortli and east of the Junewani sync! me, and of 
the quartzites of the Chorbaoli stage, including the absence of the 
Chorbaoli stage in the belt between the Silari-balai anticlinoiium 
and the Junewani syncline, Mr. West deduces the c.xistence along the 
northern (idge of the Junewani syneline of a thrust-fault with an 
E.S.E.— W.N.W. strike. This deduction is p rliaps confirmed by 
the existence of a baud of fault breccia on the southern edge of 
the sheet some three miles E.»S.E. of Pauiii. A newly discovered 
deposit of manganese ore northwards of Deolapar and between mil^ 
stones 44 and 46 on the Nagpur road falls into the correct place in 

I 
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tlie stratigrapbioa! sequence on the interpretation given. A general 
E.S.E. — W.ISl.W. strike of the folds has been previously noted. 
Towards the east side of the sheet, however, the axes of the folds 
are curling round to an J^.N.E. direction in conformity with the 
general sijike of the gneisses and schists to the east. The maj)- 
ping indicates a gentle pitch in the folds, the direction of which is 
not, however, uniform throughout the country mapped. Thus 
the Dongartal-rindkapar synclinorium is closed at both ends, 
indicati?ig an M.S.E. pitch at the western end and a S.W. pitch 
at the eastern end. A study of Mr. West’s map indicates that in 
addition to the thrust-faulL already m<;ntioned there may be at 
least one other })arallel thrust, namely, south-west of Jhanjharia., 
wlieni the (lolonuiic marbles of the Dongartal-rindkapar syncli- 
noriuni approach so close to the calcitic marbles of the Silari- 
Salai anticliiiorium that a portion of the intervening strata niay 
have been cut out by a thrust. 

On the })etrographical side various points may btj noticed. in 
the Dongartal-rindkapar belt of the Bieluia stage, which, broadly 
s})eaking, consists of dolomitic marbles, many int(a‘estiug mineral 
assemblages are found. These include anthophyllite-schists, antho- 
phyllite-spinel-chlorite-scliists, grossularite dioj)side-microcline-granulitt‘S 
and wollastonite-grossular-vesuvianite-diopside-granulitcs. Wollastonite 
does ]iot appear to have been recorded before from the Wausar series, 
while the grossularite- vesuvianite assemblage appears not to be common 
in rc'gional metamorphism. 

The rocks of the (jhorbaoli stage in the country between Pind- 
kapar and Karwahi include not only muscovite-quartz-schists but 
also glassy quartzites often carrying microcliiie, the two rocks re- 
placing one another laterally along the strike and also across the 
strike. It is not known whether these chaJiges are due to original 
diifereiices of composition or to ditferent response to metamorphic 
forces in accordance with which microcline has in places been con- 
verted by pressure into muscovite. 

Conewning the origin of the calc-granulites (Utekata stage.) 
Mr. West has an imj)ortant suggestion to oiler. These calc-granu- 
lites are usually regularly banded with layers that are alternately 
characterised by labradorite and microcline felspar. Dr. Fermor 
and the late Mr. Burton have interpreted these rocks as due to the 
lit-pav-lit iiijectioii of calcareous sediments by an acid igneous in- 
trusive. the labradoritic layers representing the original sedimentary 
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bands and the microclinic layers the intrusive bands. Mr. West 
has hitherto accepted this explanation, but now suggests the pos- 
sibility that the banding is due to some kind of seasonal variation 
during sedimentation. In the centre of the Silari-Salai synclino- 
rium are magnctitc-biotite-gneisses similar to those that have been 
regarded in the yausar tract as representing the igneous rock that 
was responsible for the formation of the calc-granulites by Ht-par- 
lit intrusion. In the calc-granulites adjacent to his magnetite- 
biotite-gneisscs Mr, West has foond snnilar magnetite granules 
in both the labradoritic and microclinic lay(*rs, and he considers 
that this shows that the calc-granulites and the magnetite-gneisses 
are cIos(dy related ; tlie evidencii rather suggests that this clos«i 
relationship is due to tlie rocks being part of a sedimentary 
succession, which varies from a gneiss at the bottom to calcitic 
marbles at the top, with banded cai(;-granulibcs as an iut(Tmcdiate 
variety. 

For several years Sub-Assistant D. S. lUiattacharjee has been 
engaged in surveying portions of the Kagpur district situated upon 
Nii^pur Slid Bhniidflra fhe liaintek bolt of country occupied by the 
districts; Central Pro- yaustir type of schists, which lie exclusively 
to tlie north of the main line of the Eengal- 
JNTagpur Railway. Towards the end of the previous lield season, 
Mr. Ehattacharjee commeneed work on the Maunda sheet (55 0/8) 
surveying tlic north-w^est corner. During the present season he 
has completed this sliect and also surveyed a portion of the westiTii 
margin of the Eluindara sheet (55 0,1-). Practically the wlioK^ ol 
this tract lies to the south of the Eeiigul Nagpuj* Railway jiu(‘ and is 
occupied, where not obscured by alluvium, almost exclusively by 
Archuean rocks, of which the mctamorpliic schists belong to a some- 
what different type from those of the Sausar belt. In giade cl 
metamorphism they are comparable wdtli portions of the Cliilpi 
Ghat series with w^hich they are probably in stratigraphicul conti- 
nuity. They have been previously treated by Mr. P. N. Daila, 
who made some years ago a general survey of this part of the Coutial 
Provinces, as belonging to the Dharwars, and it will be convenient to 
continue to refer to the phyllites and schists of this belt as Dharwars 
until their exact relationship to the Chilpis and to the Sausar series hRi» 
been proved. Although the coimtry is largely covered by diluvium 
there are numerous exposures to be found in stream-beds and 
also a certain number of small hill ranges in which the rocks are 
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exposed. Th(^ general strike of this belt, which may be referred to 
as the lihandara l>elt of the Dliarwars, is li.N.E. — \V.8.W., parallel 
to the strike of the Hamtek belt of the iSausar series to the north ; 
it is anticipated that a careful examination of the border coiiuti-y 
between the two belts may lead to an elucidation of their relation- 
ships. Excluding a small area of Deccan Trap with underlying 
^:lmetas encroaching upon the south-western margin of the Maunda 
sli(‘et, the whole of the country surveyed consists of Aichceaii rocks 
with overlying alluvium. The Arclueau rocks have been sub- 
divided by Mr. Jihattachiirjce into the following lithological groups 

(1) Amphibolite, 

(2) Chilpi (jrhat series (Dliarwars), classilied provisionally into live 

types of zones -(a) felspathic niusc.ovite-cpiartz-schists 
with tourmaline and Icnticles of vein ipiartz carrying 
wolfram, {b) quartzites, phyliites and slates, of which 
the argillaceous roitks contain a few Icnots of sej’icite 
and crystals of magnetite and garnet, (r) highly ferrugi- 
nous quartzite zone ; (d) coarsely knotted scricitic zone, 
and (e) coarsely ipiartzitic zone. 

(3) Amphibole-schists in which the amphibolc is often aeti- 

iiolite. 

(-1) (Jrystalline senes consisting of gneisses, granite, pegmatites, 
vein quartz and muscovite-schist. 

It has not yet been possible, on account of the detached nature 
of the occuLTcnces, to decipher the sequence of rocks in this 
tract, but it is evident on general grounds that the rocks may bo 
e(j[uivalejit to a portion of those in the Kamtek belt, except for the 
complete absence of mangau(\se-oros and manganese-silicate-rocks 
and of the ealc-granuUtt‘s and various marbles, unless some of these 
latter are represented by the actinolitc-scliists. Allowing for this 
difference in composition, Mr. Bhattacharjeo supposes that the 
differences between the two rocks arc otherwise functions of inten- 
sity of metamorphism, and that the equivalents of the various 
types of mctamorphic rocks in this belt are to be found in a more 
highly metamorphosed form in the belt occupied by the Sausar 
series in the Raintek country to the north. The zone separating 
these two belts is largely covered by alluvium ; nevertheless there 
are outcrops of rock and had there been a conglomerate, indicating 
an unconformity between the rocks of the two bolts, exposures of 
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such should have been found. Further light on this problem is 
likely to be thrown }jy the next two field seasons’ work in this por- 
tion of the Central Provinces. 

In his journey to the corundum deposits of Pipr«a in the south- 
east corner of Kewa State from Mirzapiir on tln^. l^a.st Indian Railway, 
Dr. Dunn r(3<'ords Jiis imjuessious of the rocks 
fnrffar” travel sed. The fir.st rocks passed over after 

h'a.ving the Gangetic alluvium were the 
Vindhyans. These persist to the Son River, after crossing which 
7\rcha\an rocks are found. The country for the first few” miles 
south of the Son River is made up of quartzit(‘S, banded haunatite- 
qiiartzites, jas].ery quartzites, slaty shales and innumerable basic 
traps, ;:|)]iarently contcmpiOianeous, all striking east and west. 
One or tw”o small outcrops of limestone were also seen. This 
series has been correlated with the Bijawars on the old map, but 
Dr. Dunn was stniek with its similarity to the unaltered repiesen- 
tatives of the Iron Ore series of Singhbhum. Passing so\i1h from 
this area of vulcanicity these rocks merge imperceptibly, without 
any appanuit stratigraphical break, into an immense se(]uence of 
slaty shales, striking east and west from Mirzajair district into 
Rew^ State. Near the Rehr River valley these become gradually 
metamorphosed and finally a gneissic-granitc is ])assed over. In 
the Rehr River valley small patches of the Lowit Gondwana locks 
arc seen to rest upon this gneissic-granite and other metamoiphic 
rocks. 

In the vicinity of Pipra the dominant rock-type is the above 
granite which is apparently intrusive into all the other Archa'on 
representatives. 

Apart from the gneissic granite the most abundant rock-tyje 
is hornblende-schist. Outcrops of this have been alludctl to as 
dykes, but a close examination convinced Dr. Dunn of the intrusive 
relation of the granite to them. Their linear arrangenumt, ns 
in other parts of India, is, in Dr. Diiim’s opinion, due simply to their 
excellent cleavage and to the fact that the granite has intruded 
into and separated them along the cleavages. 

In close association with the corundum deposits, the mest 
abundant rock-type is a sillimauite-schist usually containing euphyl- 
lite, corundum, rutile and tourmaline. An enstatite-bearing rock 
is also found ; this is an enstatite quartz-rock with or without 
plagioclasc felspar, aiid often with diopsidc, the two pyroxenes at 
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times showing an alteration to hornblende. Deep brown biotite 
is almost invariably pn'sent. As a farthi'r stage in the meta- 
morphie diivelopiuent of th(3sc enstatite-bcaring ro(3ks, there are 
several types which show distinct peculiarities and occur simply 
as small '' segregation masses in the enstatite-bcaring rock. They 
include pure enstatite-quartz-rocks, ensbatitc-cordierite-rocks, garnot- 
^ullimanite-cordieritc-quartz-rocks, garnet-(Uo])si(le-(piartz-rocks, etc. 

It is possible that the sillimanito-schist and the corundum bed 
form a highly metamorphosed aluminous, perhaps bauxitic, series 
of sedimentary beds. The enstatitcd)earing rocks, however, seem 
to have been derived from pyroxene- plagioclaso rocks of igneous 
origin. Dr. Dunn remarks that it seems feasible that the 
aluminous clays were originally derived from this igneous rock. 


The Coal-fields Party continued their re-survey in detail of the 
coaMlelds of Itaniganj and Jharia on the new 1 inches-to-thc-mile 
maps. The surv<',y of the llaniganj field was 
(M ic<a arty. in t)|(» cold weatlier of 1925-2G and will 

bo completed in the (;old weather of 1927-2S. Of the 25 sheets 
which cover this area 12 h;i.ve b(Mm completed, 2 are awaitijig the 
result of boring records, 3 have been ]>artially surveyed, and the 
remainder lie in country wh(*re the geology is simple. The Raniganj 
[)arty consisted of Itai Bahadur Sethu llama llau, Messrs. E. R. Gee, 
A. K. Bamuji and J. R. Auden, Assistant Superintendents, under 
the coTitrol of Dr. C. S. Fox, Olliciating Superintendent. 
Mr. Sc^thu Rama Ran has ma])pcd the western end of the field and 
is continuing his work eastwards along the. south side of the Damuda 
river. Mr. E. R. Gee has been working eastwards from the Barakar 
River and north of the Grand Trunk Road ; altliough his work covers 
the most complicated tract of the coal-field he has mapped the largest 
area. Mr. Bancrji has mapped the country astride the Barakar 
River and is continuing eastwards along the north of the Damuda 
River and south of the Grand Trunk Road. He is making a petro- 
logical study of the sedimentary strata in addition to his normal 
work of elucidating the structure of the upper Damuda strata. 
Mr. J. B. Auden was attached to the Coal-fields j)arty for training 
and has proved a valuable acquisition. He has been re-examin- 
ing the tract astride the Barakar River in an endeavour to arrive 
at a satisfactory correlation of the coal-seams on each side of the 
river. The delay in unravelling this area is due to lack of exposures 
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and a want of reliable data from bore-hole records. Two borings 
are to be put down shortly and it is expected that with the informa- 
tion thus obtained a reliable corn'lation will be possible. The 
structure has been worked out with gre^at care by Messrs, free, 
Jianerji and Auden in consultation with Dr. Pox on the ground. 
As a result of those visits of inspection and discussion in the field 
the Raniganj party have come to the conclusion that tlie Ifarakar 
stage is conformably overlain by the Ironstone Shah' stage and that 
(he true Barakar-lronstoiu' Shale boundary must lie south of the 
Grand Trunk Road at Regunia. An o))s('rvation by Dr. Fox in 
regard to the false-bedding in the Rarakar sandstones has provided 
the clue which enabled the imcouforiuity suspectetl by VV. T. Blanford 
to l)c satisfactorily accounted for. It has also Ix'.en necessary 
to revise our opinion in regard to the fossil wood beil in which the 
specimen of Dadoxylon was found three years ago. It was tlnm 
thought that the fossil-wood sandstone was at the base of the 
I’anchet series in spite of the fact that the ])ala;ntological evidence 
indicated a Pahcozoic age. Messrs. G('e and Banerjee north of the 

Damuda, and Mr. Sethu Rama Ran south of the same 

river, have found that tluj fossil-wood sandstone is a definite horizon 

throughout the middle western tracts of the Raniganj coal-field, 
and undoubtedly part of the Raniganj stage. Dr. Fox visited 

several exposures and in view of a local unconformity above the 
fossil-wood horizon, the evidence of the fossils, and tin', remarkable 
parallelism l)etween the fossil-wood bed and the Narsamuda-Pat- 
niohna coal-seam below it, has come to the conclusion that the fossil- 
wood sandstone should be relegated to the Raniganj stage. 

The new 4-inch maps of the »Jharia coal-field were not available 
until towards the end of the season, 1926-27, when Dr. Fox began 
the geological re-survey of the Jharia area. Of the 8 sheets which 
comprise this field he has already surveyed two sheets and surveyed 
more than half of two other sheets. He hopes to complete the 
mapping of the field during the season, 1927-28. In the course of 
his work in the north-western corner of the Jharia field among the 
Talchir beds Dr. Fox found that striated or scratched pebbles were 
exceedingly rare among the glacial boulder beds ; he observed no 
faceted pebbles. The pebbles consist largely of granitic material 
and very rarely of quartzite. There are several pebble beds in 
the lower Barakar stage and it was thought that these beds were 
resorted Talchir debris, but an examination of the pebbles shows 
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tliat tliey are practically all of qiiart>:itc ; granite peb])lcH have 
not been noticed. 

The DepaHnKMit is indebted to Mr. J. E. niel[)s of Joalgora 
who s])eut eoiisideralih' time ajid trouhle in collec'tin^ pebbles and 
bouhhTH from th(‘ sinid.stoiu*. oviTlyiiig Xo. 17 coal seam in the 
Harakar stage in the. Jharia coaMitdd, with a vicAv to the elucida- 
tion of their oriL^in. Rome of the pebbles shewed distijict I’jK'ets, 
but since nearly all of these wau-e found to coiiuhh' with jimit planes, 
it was th(‘ guK'ral o])inion that tluTo was no conclusive evichuicr 
of glaciation. 

The coa-l-seams in the T>ara.ka.r sta,<jj('. hav(‘ ])rov(‘d to be less 
irregular than was imaj^ined from [previous infoimation. It has 
also been found that (he base*, of tlie Eacakar stag' includes beds 
which were earlier thought to be carbona(M'nus strata in the Talchirs. 
There is thus no ('vidonce of ])lant fossils in the Talchirs of tlu' 
north-west corner of the Jharia held as ])revious1y siip])Osed. 

The w'ork has advancofl far enough to show that tluno will 
b(^ consid('rable dilTerences in the numbering of the coal-seams 
with regard to the old maps, but Dr. Fox is of tlu' opinion 
that a r('.-num[)ering of the seams will lead to confusion and 
for the present no changes in the recognised number of a seam 
is to be made. Tn many cases a conglonu'j’atic sandstone is found 
lying immediately on a coal-seam Avifh largo qiuutzite pebbles rest- 
ing on the coal. The fi(dd evidence indicates that the substance 
of the seam must already have become coal before the j)ebbles 
were deposited on it as the pebbles liavc not sunk into the coal. 

Tn addition to his work in the Raniganj and Jharia coal-fields 
Dr. Fox’s duties i7i connection with tlu^ new cocal-fields memoir 
look him to the coal and lignite areas of the Punjab, Rajputana, 
Ihalnchistau and n])])('r Assam. Tn his o])inion the coal of Tertiary 
age in north-western Tndia is of one horizon, the so-called Laki 
stage (middle to lower Eocene). A great, area of marshland 
and lagoons app^var to have covered this region in Eocene times. 

It is Dr. Fox’s opinion that altlioiigh the lignite of Palana (Bikanir 
Stated may have accumulated on the tracts on which the vegetable 
matter once grew, this cannot be true of the brown coal of Isa Khel 
nor of the highly bituminous coal of the Salt Range and Baluchistan. 
Tn several localith^s the coal-seam is seen to be intercalated between 
shales containing marine fossils. Tilven in the case of the lignite 
of Palana, it is thought likely that the vegetable material, after 
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conversion into mature peat, has been transported in water, pro- 
bably in the form of gelatinous material, and deposited in shallow 
coastal lagoons or in the quiet viators of a gulf. Q’Jiese north- 
western coals are rich in volatile matter, relatively low in ash if 
worked (‘leanly, and remarkably high in organic sulphur. They 
are excec'dingly friable and th('reforc do not stand transj)ortation 
or weatliering. Th(‘>y wtnild do w^ll for the manufacture of 
gas but are clearly not suitable in a raw (ondition for steam rais- 
i?ig or simple combustion. If car(‘ be exercist*d in picking out 
the dull shaly coal the remainder gives a coke of fair quality. 

In connection wlih Dr. Pox’s visit to Assam, he re])orts that the 
coaMleJfl Ixiyond the Nanudiik, discovercrl in 10 1 1 hy Dr. K. If. Pascoc* 
and Mr. 0. Websler, is far more attractive than many have supposed. 
Dr. Pascoe’s opinion that it is an important area has been fully 
proved by tin* work of the geologists of tht* IJiirinah Oil C(»m]!any 
beyond Namchik, where they hav(‘ found, according to their esti- 
mates, over 25 million tons of good coal in a gt'iitly inclined thick 
seam. The working of this seam will not involve pumping, as the 
sea-in is above the drainage level of the surrounding oounlr}'. The 
tra<‘-t is at present somewhat inaccessible. Tt is evidently the same 
seam as is found in the Coal-Measures ” of the iAfakum coal-field. 
In a new quarry, Tipong Pani, Dr. Fox found a thin band contain- 
ing gastropods, including a doubtful Naticcf in a shale band above 
the 20-foot seam. The true age of these Assam Coal-Aleasiircs ” 
has never been accurately fixed but the ])ro visional view is that 
they are the equivalents of the Pegus of P>urma and therefore* pro- 
bably Miocene. 

After completing his work in the Maknm, Jaipur and Na/ira 
fields, Dr. Fox visited Badarpur, where the ” Coal-Ab'asures ” 
contain petroleum instead of coal, lie accompanied Mr. II. M. 
Sale to the Kanchanpur boring, about 25 miles S. 8. W. of 
Badarpur. to collect fossils from a horizon wliich Mr. 8ahi had 
found in 1921. Dr. Fox with Mr. Sale’s assistancf; brouglit away 
a fair collection of fossils. These have been provisionally ascer- 
tained by Sub-Assistant P. N. Mukh(*rji, to indicat(* an upper Oligo- 
eene rather than a Miocene horizon for the fossil bed and incidentally 
for the petroleum-bearing “ Coal-Measure ” beds. Tn the Makiim 
field at Bara Golai near Margherita oil has b(‘en struck in a well 
at a depth of nearly 2,600 feet below the (*oaI of the Coal-Measures. 
Dr. Fox remarks that it is thus possible tliat although the petre* 
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iomn hori;;on is iipprr Oligor^enc the coal seams may lie in the Miocene 
stage. lInfortui]at(‘ly the gastropods found by Dr. Fox at Tipong 
l\am are with doubtful exceptions nnuhuitifiablo. Tic hUvS, how- 
ever, made a collci^tion of fossil jdants from the coal s('rinis of the 
Makum and Nazira Tn'lds. These have been sent to Profossor 
13. Salmi for identification. Dr. Fox agrees with the writer ‘ that 
the occurrence of coal and oil in the Assam “ Coal-Mcasur(\s ” de- 
notes soinc‘ intimate genetic connection between these two subs- 
tances. 


Parts of the following Survey sheets of the Salem and North 
Arcot distrieis of Madras wen' mapped by llao ITahadur M. Vinayak 
, . Rao : Nos 57 P/l, P/3, P/l and L/13 (i inch- 

to-tlie-milc). 

The following formations werci met with :~ 

Recent Alluvium of the Palar and smaller streams. 
Arclnean : — 


Jalarpet intrusive : syenites, mottled gneisses and granites. 
Charnoekites : norites, Icptynites and acid charnockites. 
Gneisses and granit('s : hornblende gneisses, schists, etc. 
Dharwars : quartzites and hornblend(i schists. 


For a river of the size of- the Palar the alluvium is neither wide- 
spread nor of any great thickness. There is little doubt that it 
has changed its course in this region. J3eds of sand, conglomerate 
and clay arc found in the valh'ys of streams where they debouch 
from the hills. Intrusives of the Jalarpet scries were found 
extending from south of Tiruvannamalai (P/4) northward beyond 
Kat])adi across the Palar. They consist of pink felspar pegmatites, 
mottled gneisses, hornblendic gneisses and syenites. Some of the 
dykes found in this area may be of the same age as these intrusives. 
The mottled gneiss with biotite mica is seen in the railway cutting 
between Kaniyambadi and Kannamangalam (12° 45' ; 79° 9' 30" : 
P/l) and also west of the road from Katpadi (12° 67' 30" ; 79° 8') 
to (3hittoor. It is also found extending south of Tiruvannamalai 
(12° 13' 30" ; 79° 4'). Near Vettavalam (P/4) is found a coarse 
hornblendic granite which extends westward. 

In the mottled gneiss are found pebbles of charnockite (mostly 
norites). 


J^iasfoo ; Mem. (>eol. Surv. Ind., XL, j)p. .‘U8-:J24, 
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A thin band of syenite is found near Pallikonda, where the mot- 
tled gneiss is found at the base of the hill. A quartz felsite was 
noticed south of Aiiaikattu (P/1). 

Garnetiferous Icptyiiitcs and acid charnockites were found by 
Mr. Viiiayak Kao in the liilLs east of Vellore. The charnockites 
form the mass of Tiruvannamalai Hill (P/l), and seem to extend 
only a few miles south of Tiruvannamalai. 

In sheet L/13 charnockites of the acid variety are found along 
the base of the hill south of the Palar river, 3 miles east of Anibiir. 
Oharnockitos also form the main mass of Pallikonda hill. 

Cliarnockites extend along the railway line in sheet P/3, and 
tongues of this are found intruding the older gneisses here. Tlie 
southern part of Periyamalai consists mostly of intermediate char- 
nockites. Bands of norites are found south of the Jagkudu’s 
Lodge at Pusimalaikuppam (12° 47'; 79° 15'. P/1). Charnockites 
have not been noticed north of the Palar. 

The older gneisses and granites are of small extent, and consist 
mostly of hornblendic gneisses and granitic gneisses. They are 
generally contorted, and in some places, such as the eastern face of 
the hill about 1 mile north of Kaimamangalam railway station 
(57 P/1), are full of garnets. Contorted gneisses are found south 
of the road at mile IG from Kannamangalam to W^alajah Koad 
station. The older gneisses are found in sheet P/4, where they 
are intruded by the mottled and hornblendic gneisses. They are 
also found at the base of the hills in P/3. Small bauds of 
Dharwars with hfematito and magnetite were noticed by Mr. Vinayak 
Kao on the hill cast of Sottukinni east of the Cheyyar river in 
P/3 as well as east of Agaram Sibbandi railway station. 

Bands of quartzites are found on the western slope of the Peri- 
yamalai and Cainaticgarh hills. 

Dr. G. de P. Cotter was placed in charge of the Punjab Party 

........ . and was employed in mapping the uncompleted 

Attock district, Punjab. i: xi . axx i / 7 axx i i- x * x 

portion of the Attock tahsil^ Attock district 

(Kala Chitta and Margala Hills, and minor intervening ranges). 

Portions of sheets 43 C/5, C/6, C/9, C/10, and C/13 were mapped. 
This has resulted in the joining up by continuous mapping of the 
work done by Dr. Pascoo in the Chak Dalla and Fatehjang areas 
(Mem. Oeol. Surv. Ind., XL, pt. 3, plates 71 and 73) with the Hazara 
map of Mr. C, S. Middlcraiss (Ibid., vol. XXVI). Meanwliile the work 
of other members of the party has carried the geological map south- 
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wfiTflfl over the Potwar plateau to Ihe neighbourhood of the Salt 
Knnge. The geology, as might be expected, is very similar to that 
of previously uia|)])ed areas. Dr. Cotter regards the Attock Slates 
at Attoek as the continuation westward of Mr. C. S. Middlemiss’ Slate 
series in Hazara. 

The extended map of the Kala Chitta presents few new points 
of inlerest. Tn the south of the range, in the area mapped by 
Mr. n. M. Lahiri, some ideniiriable fossils (bclemnitcs, ammonites, 
and lameliibrfinchs) were found, and a collection made })y Field 
(V)llector, N. K. N. Iyengar. This oATukt also collected some poorly 
preserved bracliiopods from tlie Trias in th(‘ cutting north of the 
first railway tunnel south of Campbellpur (Kundian line). Tn 
the north of the Kala Chitta and in the minor more northerly ranges, 
th<^ (riumal belemnite beds appear to he absent. 

A feature of the Trias, which was not observed in the area mapped 
last year is the pn'sence of red fermginous beds, which are associated 
with the fossiliferous marls from which the brachiopods mentioned 
above were collected. 

North of the Kala Chitta are three minor ranges, viz,, the Kawa 
Gar, the Campbellpur Hills, and the Kheramar with its eastward 
extension the Hasan Abdal group of hills. The structure in all 
these is the fan structure, and anticlinal and synclinal CK'sts 
are very fretpiently obliterated. 

The Kawa Gar, according to Dr. Cotter, consists of isoclinally 
folded Trias and Giumals with a strip of Lower Nummulitics along 
th<' northern margin. Between the Lower Nummulitics and the 
Trias-Giuraal complex is a belt of shales of uncertain age : they arc 
later than the Giumals and older than the liOwer Niimmulitic 
Limestone, and may represent cither the Lower Eocene (Ranikot) 
or the Cardifa beaumonti beds. Unfortunately they are unfossili- 
ferous. They appear to be more closely connected with the Lower 
Niimmulitic Limestone than wi(h the Giumals, but are separated 
from the form(‘r by a red bed which may correspond to the ferrugi- 
nous pisolite. In the Kheramar the Giumals are missing, and 
also in the isolatc'd hills which form an extension to the east, except 
in the Ilasan Abdal Hill itself, in which the Giumals occur on the 
S. W. flank. 

At the local base of the Lower Nummulitic Limestone at the 
eastern termination of the Kheramar, there are black shales" with 
sparse nnnimulites ; these arc only exposed in stream sections. 



Part 1.] Oe'neral Report for 1927. 125 

In the Hasan Abdal Hill the base of the Lower Nummulitic 
Limestone is marked by a bod (5 ft.) of I'crraginons pisolite and abov(i 
this about (iO feet of soft nodular limes tone containing echinoids ; 
tliese appear to belong to a new species of EchinolampaSy perhaps 
related to E, lepadiformis D. & S. In the Bajar Hill to the east a 
unfortunately specifically unidentifiable — was found from 
the echinoid zone. 

Dr. Cotter, in the course of his survey, noticed several erratic 
blocks ; the largest, if feet high, 10 feet long, and 0 feet wide, rested 
upon Triassic Limestone about I .4 miles cast of Campbcllpiir. The 
bloclc itself was of granite gneiss and must have travelled from a 
considerable distance, perhaps from the north of Hazara. Erratics 
have been previously noticed by VVymie, Theobabl, and Middlcmiss ; 
Hie latter [Mcot. Geol. Sure, Lid., XXVi, pp. do, 40) supposes the 
erratics of the Potwar near Jhand to come trom a concealed ridge ol 
Crystallines hidden beneath later (hiposits. This explanation will 
not suit the occuirrence east of Campbellpur, and wc are forced 
once more to consider the possibility of a glacial episode in the 
Punjab. Dr, Cotter also noticed some dej^osits of unsoried material 
and boulder beds south of Dhok Cmre about 3 miles E. 8, E. of 
Campbellpur. 

If a glacial episode is the true cx[)lanatiou, it must be sujiposcd 
that subsequent water action and denudation has all but oblit<‘ratod 
its traces. No trace of U-shaped valleys or of ruches moulonv.cs 
r email) iS today. 

Some minor corrections of Messrs. Wadia and LahiiPs maps 
of last season (sheets 4)3 C/14, C/15, and Cyil) were made. 

The area geologically surveyed by Sub-Assistant H. M. Lahiri in 
lield-season 1926-27 bes mostly in the Piudigheb but partly also 
ill the Eatchjaug tahsil of the Attock district and comprises the 
whole of Survey sheet 43 C/7 and considerable portions of sheets 
43 C/2 and C/6. In 43 C/6, his work lay in continuing the surveys 
already made by Drs. Ji. H. Pascoo and G. de P. Cotter. 

The geological font ations met with in sheet 43 C/6 are Murree 
beds, the Chharat series, Lower Niimmulitics, Giumal beds and 
Trias. The lithology is flimilar to Dr. E. 11. Pascoo’s descriptions 
of the various formations in the Chak Dalla arca^. The Triassic 


^ M^m, Oeol. Surv, Ind., vol. XL, pp. — 38S 
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and Giumal beds occur as inliers in Lower Nummulitic limestone 
which constitutes the bulk of the Kala Chitta hills. The Triassic 
limestone is for the most part imfossiliferous. The ochreous 
limestones of the Giumals immediately underlying the Lower Num- 
mulitic limestone arc in places highly fossiliferous but the organic 
remains are mostly in the shape of shell-markings. Among the 
fe.w identiliable fossils collected are some specimens referable to 
Trigonia scahra Lam., a species also occurring in the Cretaceous 
beds of Southern India. The fossiliferous ochreous limestone beds 
ari^ underlaiji by some olive or greenish sandstone also of the Giumal 
s(nii*s. Below this sandstone and overlying the un fossiliferous 
Triassic limestones is a thin bed which yielded a number of bivalves, 
belemnites and ammonites, the last being mostly ill-preserved. 
Among ih(* fossils is a large bivalve which has been provisionally 
itlentilied with Ctenoslreon probosculea Sow., a species occurring 
in the Lias of liurope. Another well-preserved bivalve is a Gry- 
p/uia, thought by Mr. Lahiri to be related to (A arcuata, another 
common species of the Eiuropean Lias. Besides the bivalves, 
there are belemnites and ammonites which, when worked out, 
may throw further light on the age of this bed. The Murree beds 
exposed in the slieet belong mostly to the Basal and Lower stages 
of the series. Some mammalian remains were collected from 
these beds. One of these has been identified by Dr. G. E. 
Pilgrim as Amphicyon shahbazi, a species also found in the 
Gaj of the Bugti hills. 

The whole of the southern half of Survey sheet 43 C/2 was sur- 
veyed. The major portion of this sheet is occupied by a sandy 
alluvium, outcrops of riicks being confined to the north-eastern 
corner and along the larger stream-co.irses in the western half of 
the sheet. The formations exposed are the Chharats and the 
Murree series. The Chharats occur as narrow elongated inliers 
in the midst of Murree beds (Basal and Lower stages) which con- 
stitute the bulk of the hills to the north and north-west of Thatta 
(33^^ 35', 72" 13'). 

The geological formations mapped in Survey sheet 43 C/7 are 
th® Murrees and the Sivvaliks (Kamlial, Chinji and Middle Siwalik 
stages). The lithology of the beds is similar to that of the forma- 
tions in the contiguous sheet 43 C/il, described in last year's 
report. All the beds from Murrees to Middle Siwaliks contain 
vertebrate remains. Fossil wood is not infrequently met with 
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ill the Upper Murree beds which occupy a large area in the 
northern half of the sliect. 

The general strike of the beds in sheet 43 C/7 is E.-W. and the 
(lips mostly northerly. Three successive strike-faults have be<m 
mapped in the slieet, in consc(|uenc(i of which Upper Murree beds 
liave been brought into j nxtaposition with Basal or Lower Siwalik 
beds to the south. These faults, with the exct^ptioii of the most 
nortli(*rIy one, are traceable along the whole width of the sheet. 
The most nortlu^rly fault which is the westerly continuation of the 
main fault observed last year as running along the south flank and 
foot of the, Khairi Murat Hill in sheet 43 C 11, when followed 
wisstwacds, is seen to die out at Nathial (33'^ 25'; 72‘^ 24'), but iv.- 
appears again near the western margin ol the sheet. North of the 
Jaults, the beds have a gcnieral northerly dip. South of the most 
southerly of the faults, the Siw'alik beds are (iXpos(jd first in a syn- 
clinal fold pitching east and then in the dome-structure of the Khaur 
anlhdine. 'The Lower Siwalik beds of the western flank of the 
Khaur dome dip westwards beneath Middle Siwalik beds, occurring 
in a synclinal trough occupying the valley of the Sil river north and 
north-east of Pindigheb (sheet 43 C'8). 

Besides r(?guiar mapj)ing, some revision work in the area sur- 
veyed last year, was also done during the season. 

During the lield-season 1920-27 the Rajputana Party consisted of 
Dr. A. M. Heron (in charge), Mr. A. L. Coulson and Dr. S. K. Chat- 
terjee, Assistant 8uporintendents, and Sub-Assis- 
ajputana. ^ Gupta. Mr. Coulson continued his 

surv(iy of the Sirohi State, and the other members of the party 
worked in the Mewar (Udaijmr) State. 

In Mewar the uiidernoted 1-incli-to-J -mile sheets of the Central 
India and Rajputana Survey (old numbers) were worked on: 113 
(Dr. Chatterjee), 144 (Dr. H<*ron and Dr. Chatterjee), 145 (Dr. Heron, 
Dr. (chatterjee and Mr. Gupta), 146 (Mr. Gupta), 172 (Dr. Chatterjee 
and Mr. Griipta), 173 (Mr. Gupta) and 714 (Mr. Gupta). 

Mr Gupta's work in Mewar was essentially preliminary mapping 
south-eastwards from Udaipui’ City along the lino of unconformity 
at the base of the Delhi system, and then eastwards across the plain of 
central Mewar occupied l>y phyllites of the Aravalli system, granites 
and mixed gneisses. For the last six weeks of the season, he conti- 
nued Mr. E. J. Bradshaw's mapping of the syuclincs of the Jazarpur 
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oabalpura hills ^ eastwards through Jaipur and Bundi State, 
in sheet No. to (heir termination. 

The non-porphyritie, medium -grained, pink granite (the Beracli 
granite) with secoiidary chlorite representing the ferro-magnesiaiis, 
which 0(“cu})’es liirg(j areas of the plain in the neighbourhood oi 
Chitorgnrli,- is, in Dr. Heron’s opinion, identical witli ihe Buiulel- 
k'hand Gneiss ; this is in accord an(*.e with the views expressed in tlie 
Alanual of the G(iology of India (p. 08). The Aravallis rest upon 
this wilh an luosion unconformity, and it is iluis tin*, oldest rock 
in llajpiitana. To the west this granite gn’adiially becoiru's by 
pressure iiK’tamorjjhism, a grey slabOy gneiss. hTirther to tli(' Jiurtli, 
N. of LJnwa ( ' IJrwas li t’ 08' ; To'' 15') is a large (‘\posure ol 
the dark gr;iml<i gndss wliidi is the dominant intrusive in tlie 
gneissic plain of Ajmer a-iid Ivishengarh. 

The southerji edge of the Mewar plaiji forms pjii’t ul the main 
watershed of Jjidia. Tlui slope is veT*y gentle towards tlui iiortii- 
east, ill the direction ol the (Janges valley; to the soidJi, the la II 
ultimately to the Gull of Gamlwiy is mmli stcej)er and th(‘< countt v 
IS de(‘ply dissec-t('d, a, Hording excdheit exposures, over a, distaiae 
ot more than 50 miles across riie strike, of tin- rocks whicJi form 
the plain. These. pn‘s<‘iit a typical “ gneissie ('ompli^x ” in which 
igneous j’oeJvS ol seviu’al t^'pi'S and times of intrusion, ai‘e iiitimati ly 
injected one with anotlnu' and the whole ^uite wi'lded. while slili 
in a plastic state, into a stri'aky and bandiKl comjiosite gneiss. 

The strike of the foliation varies Irom N.-S. to N.N.W.-S.S.I^* 
and its dip, in the east ol the tract, is westwards, and in the west, is 
eastwards. This does not lif»wever indicate a synclinal disposition. 
Over certain areas in the western jiortion, the foliation is almor:t 
horizontal, but high angh^s approaeJiitig vertlcality arc the gimeral 
rule. 

Ill such a cum])le-x it is ddliculb to asceTtain the relative ago of the 
ele.mciits, as each imiy have reached its present position at mor<‘ 
than one jjiu'iod, and also, through pressure a(;ting on a partly solid 
and partly unconsolidated association, mutual intrusion in f>i(u 
may havii taken place, involving elements of dilbu-imt period. Tlie 
under-noted succession can therefore be considered as only an 
approximation to the truth. 

^ Rec, O^. Surv, Ind,, LIX, pp. 104-5. 

* Oeol, Surv* Iiid*, LIX, p. 94, LX, pp. 116, 118. 
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The oldest member of the complex, in which all the others arc 
intrusive, is believed to be a gneissic granite, with biotite in about 
the same relative pr(»portion to the other minerals as in an average 
granite. This occurs both in large masses almost free from Iat(U‘ 
intrusions, and also as a composite gneiss with pegmatite and aplite 
in intimate interfolisr banding. Around tlu^ borders of tlio intru- 
sioji free masses in many cases occur which may be interpret^^d as 
sheets of the gneissici granite detached by the. pegmatite and aplite. 
Towards tJie east tht^ gneissic granite is either absent, or has become 
Jess biotitie. Jii the latter case it is juobable that it^s place is taken 
by a medium-grained granite, little foliated and poor in malic mine- 
rals ; this, how'ever, may b<*h>ng to the pi'gmatites and aplites, 
iiiicTmediate in grain between them. It has a certain resemblaiic<‘. 
to the BumleJkliaiel tlneiss, but this may ))e purely aecidental. In 
jilaces a hne-graiiud, unfoliated granit<‘ carrying biotite occupies large 
areas ; tliis may be a line variety of the fundamental gneissic granite. 

Tli(^ next in age, aiicording to JJr. Heron, are probably the 
epidioritc‘s and horn}>h‘nde schists, resulting from the metamorphism 
of dolorit(j or other basic- rocks. They are usually in large lenses 
and shec'ts, paralh-.l with the general foliation, though small-scale 
banding with the other el<*mcnts occuirs in a minor degree. 

In general younger than these', but no doubt belonging to more 
than one period, are the pegmatites and aplitc's, which grade insen- 
sibly into eacli othcT. Unlike the post-Delhi pc'gmatites, these 
rarely contain toiuinaline or muscoviti' and they are never so coarse 
nor in such large ))odics as the* post-Delhi pegmatites. Tliey all 
show markedly tlic efiects of com]»r(’ssion, and oc-cur, for the most 
part, as sheets parallel to the oliatioii, of all sizes from a width 
of many feet down to a few inches. With the gneissic granite*, and 
to a less extent with the hornblende schists, they produce composite 
gneisses of very variable aspect. 

Last of all are the cpiartz veins. In the present area. Dr. Heron 
remarks, they arc the only intruvsives which penetrate*, the*, overlying 
outliers of Delhis and the Aravalli phyllites. Quartz veins have 
probably accompanied all the acid rocks, but those in the sedimentaiy 
series are of course of a much later epoch than those*, coeval with 
the igneous rocks of the complex, from the denudation products of 
which the sejdiracntaries were laid down. 

To the east the Aravalli phyllites rest upon the rocks of the com- 
plex with what appears to be an erosion unconformity, from the 

K 
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evidence of the single Hoc.-tion which J)r. Heron has been able to find 
so far. To the west tin* Jiiaiii syncline of the Delhi system, with a* 
clear erosion lUK^onformit}^ at its base, sev(‘ral outliers of the Delhi 
system (probably of the. Kaialo scries) arc disposed in two elong- 
ated isoclinal syjicliiu‘s, ruiiiiing north and south, iiot usually more 
than a mdc wide, an<l one of them has Ihu'ji mapped by Dr. (^hat- 
terjee and Mr. li. (fupta at intervals lor more' than 30 miles along 
the strdee. At Hhimlar (21' 30': 7d' if'), on this synelim*, f)asal 
grits and arkose, derived from the gneisses, indicate the uncon- 
fc^rmity. 

The re.la.tit)iiship of the Biindelkhaud tlneiss to the mixed gneisses 
of the ('omplex is not yet known, as it has sf) far not b(*(‘n found in 
contact with them. 

Tlu'. unconformity at flu; ba,se of the Delhi system lias this year 
Imm tract'd, m a g(MH'ral way, to the southern frontier of Me war, 
though much ilctailed work has still to be done in the coming 
field -season. 

The tract of complicatetl folding and faulting north of Udaipur 
City has yielded important results. It is found that the Rajnagar 
marble/ with the schists and basal ([uartzite Ixdow it and other 
seh sts above it, emerges from below the basal conglomerates of the 
main Delhi synclim;, and outliers of th(‘S(‘ conglomerates rest both 
upon the marble and the assoea’a, t.(‘d seliists, and upon the mixed 
gneisses which unconformably und(U-li<* flic marble series. 

vVs Dr. Heron points out there is thus a double erosion unconform- 
ity, the Rajnagar marble with its associated schists and basal 
quartzite resting upon the mix(*d ginusses, and the basal conglomerates 
and quartzites of the main Dtdhi syncline overlapping both. 

There, is little doubt that f-ho Rajnagar marble and its associates 
are identical with the white dolomitic limestone of the Jazarpur 
and Sabalpura hills, and of the Pur-Banera ranges, of Sawar 
in the extreme south of the Ajmer district,**^ and of numerous other 
small outliers scattered over the central plain. 

In Dr. Heron's o[)iniori fhc correlation may with safety bo carried 
still further, to link up with the Kaialo limestone and quartzite, 
which in the south of the Alwar state locally intervenes between 
the base of the Alwar series and the underlying granite.^ 

1 Hec, Qcul. iSurt\ huL, LX, pp. 110-1. 

- (Jt'ol. i!iurtu Ind,, LX, pp. 117-9. 

^ Menu Geol. tSurv, hid,, XLV, pt. 1, pp. 23-8. 
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In Alwar th(i Alwar series and the Raialo series appear to bo 
conformable, as there is no visible discordance of bedding, but the 
lowest beds in the Alwars are conglomerates, indicating surface 
conditions and a break in tlie succession ^ and the unconformity 
is probably jnesciil lirrc also. 

Jn Jodhpur Stale, on the other side of the great Delhi synclinc, 
Mr. Tipper and Dr. Heron mapped extensive deposits of crystalline 
limestones which have a similar relationship with the Delhis and 
the basennuit of gnc'iss, and these may now be equated, with more 
than |)robability, with the Raialo limestone and the Rajnagar 
marble.- Further, tin* celebrated Makraua marble, which litholo- 
gically is very sijuilar to the Raialo limestone, lies along the strike 
of the Ras linu'Htxmes, though separated from them by many miles 
of alluvium an<l blown sand, and is considereil l^y Mr. Tipper to be a 
continuation of them. 

A wide-spread, but quite probable, correlation is thus advocated 
b(itween all these occurrences of white dolomitic bmestonc in Raj- 
putana, bringing them all under the Raialo limestone. As, in 
Mewar, the limestone has both above and below it, considerable 
thicknesses of otlior rocks, the association may be termed the Raialo 
series, and may provisionally be considered as the lowest division 
of the Delhi system, separated from the Alwar series by a distinct 
unconformity, which, howevc^r, is not of such a magnitude as the 
profound unconformity between the J>elhi and the Aravalli systems. 

At the beginning of the season Mr. Coulson was engaged on 
water-supply questions at Dabheji-J ungshahi (North-Western Ry.), 
Tirth Laki and Gopaiig in Bind, and, while on his return from 
Sirohi to headquarters, investigated the water-supply of Jhansi. 

About J55 square miles of Sirohi State were geologically mapped 
during the season, on the J-inch-lo-1 mile Central India and Raj- 
putana Survey sheets 77, 95, 96, 97 and 120 (old numbers) ; this 

is in continuation of the previous season’s field-work. 

The sedimentary rocks present consist of limestones and calcic 
rocks, mica-schists, phyllites and slates, and quartzites, and these 
are highly metamorphosed and profusely intruded by igneous rocks. 
In the hilly country to the south-east of Abu Road Railway Station, 
these sedimentary metamorphics arc s(jcn to be thrown into isoclines 

* Loc, ciL, pp. 48-60. 

=* Bee, Geol. Surv, Ind,, LVI, p. 62. 

L 
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und ovcrioklii. The quartzite to the south-eu.st of Baiuiia Oaclh (24^" 
'■21/ : 72'" 51') is faulted into juxtaposition with the limestone on the 
forjii(‘r's northian and eastern boundaries, and breeciation has taken 
[»lace along the jimetion between mica-schists and limestone from 
Abu Koad, south-eastw’urds. 

The Erinpura granite, wdiich has b(;eu described in last year’s 
General Keport/ stretches south-west from the massif of Mount Abu 
ij]to ra]ani>ur State, where it forms the high Jaira hills. Mica- 
schists are tound as j>atches surrouiuled by granite and represent 
portions of the roof of the great bathylith. 

A large mass of a younger granite occurs in the south-(.‘astern 
corner ol tlie state, wJiere it adjoins the Idar and Danta states. 
Mmeralogically this is very similar to the Isri ^ and Waloria ^ 
granites and is llius probably to be referred to the Jalor granite of 
EaTouche, 

In the south-w'est(irn area of Sirohi State, esp(M;ially near Ikidar 
(2T' 21)' : 72'’ 111') numerous dykes, striking E. — W., form a net- 
w'ork w'itli the schists and limestones striking N. E.“- W. They 
cut tlie (piarlz (pegniatilie) veins from the Erinjiura granite, and are 
thus younger tlian it, and may be jirovisionally consideri^d as hy- 
pabyssal fe(‘d(as oi the Malani rhyolites. Mineralogically they 
aie comjH)s(‘(] oi ocricitisiMl [Kita.di felspar, hornblende, a little quartz, 
and a. varying amount of iron-on*, and are rath(*r basic microgranites, 
the line-grained equivalents of tlu; isri (Jalor) granite to the northeast. 

T\vo oi'CLii'n'iiet'S of an iiiten'sting rock new to this area were 
noti'd oiM‘. mile south-east of Karari (Abu Koad Kailway Station) 
and at Chandrawati (21^ 2(3': 72"' 47') ; this varies from almost a 
troctolit^ (olivine and labradoritc) to an olivinc-gabbro (olivine, 
titaniferous augite and labradoritc. 

BIliLlOGkAPHY. 

The following pajiers dealing with Indian geology and minerals 
were published during the year 11127 ; — 

Adams, F. D. . . .A Visit to the (Jiiiu Districts of C(‘,ylou 

and Burma. Trans. Caiuid. Inst. 
Mining Metallurgy^ XXIX, 1-34. 

1 liec. Geol. Surv. hid., LX, pp. 112-5. 

^ Ibid., LX,p. 114. 

* Utc. Geol. Surv. Ind,, TAX, p. 103. 
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ACTIN()1X)N RISINHNSIS, N. SP. IN THL' LOWF]R GONDWANAS 

ofVihi District, Kashmir, ry D. N. Wadw, A ssist- 
ant Siiperinioidcnt, Geolofykal Smvcv of India, ano 
W. E. SwiNTON, British ^^nseitnu London} (With 
Plate I.) 

The present fossil was found in a small outerop of Lovver Goiidwaua 
rooks near the Risiu Jiamlet (JJ mile K.N.E. of Zewan, Vihi dis- 
trict, Kashmir), not far from the site from 
InirddiKnoii. which Noctliug obtained plant aiul vertebrate 

fossils in 1902 (described by Seward and Woodward in Pal. hul.^ 
New Series, Vol. II, Mem. 2, 1905). The Adinoilon skull occurs 
in association with numerous remains of fossil Ganoid fish and 
j)teridospernious plants in a scries of beds of n'.markable petro- 
graphic constitution, which look exactly like*, ami liave hitherto 
been described as blach carbonaceous shales, but which in reality 
are extremely pure glassy volcanic tuffs, finely laminated for the 
most part. 

The importance of the pr<*sent find, besides the purely paheon- 
tological interc'st, lies in tlic association of indubitable Lower Gond- 
wana fossils with a rock-group of this jxuailiar Rthology, a circum- 
stance which lielps in fixing an import/ant stratigraphic.al horizon in 
the Punjab range of the middle Himalaya. For a similar group of 
volcanic glassy tuffs and slaters occurs conformably at the base of a 
very thick scries of un fossil iferous coarse sediments, ah)ug tJie S.AV. 
flank of the Pir Panjal ; this latter series has been, on various 
grounds, ascribed to the Lower Gondwana by one of the present 
writers,- but positive evidence was lacking as the series did not yield a 
single indubitable fossil plant or animal. 

The stratigraphical sequence in the Pir Panjal recalls in its main 
elements that in the Vihi district and, as Middleiniss’ work has 
tended to prove, occurs in fact in the south-western limb of th('. geosync- 
linal of the Kashmir valley.^ The occurrence, therefore, of th(i present 

* Tho stratigraphical account in tlio above paper is written by Mr. Wadia wJio 
(H»lloctod tho fossil ; the pa1a?oii to logical description is by Mr. Swiuton. 

“ Mem. Geol. Surv. hid., VoL LI, Pt. 2. 

» Kec, Oeol. Surv. Ind., Vol. XL, Pt. 3 ; and Rec. Choi. Surv. Ind., Vdl. XXXVlf, Pt. 4 . 
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fo.s.si] in ii ioc k-M‘i ies of thi.s pi'niJiar iiaUirp in Vilii caUiblishos, with 
reasonable a[)[)ro\imatio]i, the Lower Gondwana age of the I^ir 
Ikanjal s(‘diTiK‘nts, which overlie it with perfect conformity, but 
which in all other r(»s>peeLM are unlike the \"ilii sediments. For, 
while in the Vihi aT(‘}i the overlying Gondwaniis arc barely 50 feet 
thick and are composed of tine-grained sili(;eons sliales with limestoiies. 
the Panjal Gondwanas are composed of coarse conglomerates, 
sandstones, and sandy shah\s, over 5,000 feet in thickness. 

The following se(*hion, ]>icced t<ogetber from the closely adjacemt 
Kisin and Zew’an outcrops (situated about f mile apart, along the 
same striked ine) gives thii strati graphical relations 
of the fossil locality : 


StriUi'^rapliy. 


Strike K.N.K. to K,E. Eip .‘ 10 °. 
f Sandy, thick- bedded, grey liTnoatonc 
Zew an stage (neriiio-Carboivi-J uith Productns, Protoretepora^ 


feniiH). 


(laiigaiiKiptoriH beds 
( Uj»|M'r ( *arbor)ifen»u«). 


Panjal Trap (Upper Caiboui- 
ferons). 


etc., alio\ving rapid but perfectly cun- 
( furmable passage into 
( J)enRe, black, slaty tuff (grey or buff on 
1 exposure) containing in any plants, lleh, 
i ArchegosaurnSf Aclinodon, 

I Thin lenticular limestono and chert bands 
^ niack flaggy and laminated glassy tuffs, ring- 
1 ing under the hainnuT, with (Jangumopicris 

f only ....... 

Ulaek, coarsely crystallised limestone, showing 
metasoiniitic change into flint 
Urceu siliceous shales 


100 feet 
10 „ 


20 


I Amygdaloidal bedded basic lava flows . 


Conformity 


The fossil fishes belong to tlio genus Amblypterus — Amblypterus 
kashmirensis A. S. W., Ambljfpterus sytnmetriciis A. S. W., AnMypterus 
sp. indet.- and consist of impressions of cranial, abdominal and 
caudal regions with recognisable elements of the skulls and limbs. 

The plant remains associated with the Actinodon are : — 


Ganyamopteris hash mirensis, 
Gangamopieris sp. 
Glossopteris indica. 
Vertebraria indica, 
Callipteridium sp. 

Cordites sp. 

P^ygmophyllum sp. 

Oinkgo sp. 
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The chief fossiliferous zone is made* up of the upper tuffs which are 
exposed in a series of small dip-alopes over the whole length of the 
hill-face, the dip of the beds— about 30"’ -corresponding with the 
slope of the latter. The lower tuffs have so far yielded only frag- 
ments of (jimyaimpteria leaves. Both these tuffs have been hitherto 
spoken of as carbonaceous shales, the presence of jdants being as- 
sumed as sufficient evidencje of the earlion content. But there 
is neitluu’ clay nor carbon in them, as a microscopic examination 
show’s. The rock is wholly composed of glass particl(\s with a few 
tiny crystals of felspars. The black colour is due to iron and 
bleaches rapidly on all ex])oscd jiarts. The rock gelatinises easily 
with acids and s])lintcrs on the application of heat. 

The rapid but perfectly conformablo passage of th(‘ tuffs into 
tlie ProduvtuS'hQimng limestone of the Ztwvan stage is conciusive 
evidence of the Upjier Carboniferous age of Avlimdon risincmis. 

The specimen consists of a piece of matrix bearing the impres- 
sion of the greater part of the upper surface of a Stegocej>halian 

PalaMnitrtloirical skull. The skull has been slightly flattened 
account. and tract's of the niandibles with teeth are 

observable on its lateral borders. About Jialf of the |)ost-orbital 

region and the tip of the snout are missing. Desjute this the con- 
dition of the features preserved is sufficient to indicate that the spe- 
cies is new. The general pro])ortions arc very similar to those of 
Aclinodon, to which genus avo propose to refer the sj)ecimen. This 
genus was established in 1867 by Uaudry {Nouv. Arch, du Mus, 
Parity 1867, Vol. iii, p, 23) for some material from Autun to which, 
however, he gave no spe<afic name. In the same paper {loc. at., 
p, 31) he drew attention to the similarity between Ac/inodon and 
Archegosaurus Uitirostria and figured the latter as Actinodon Uitirodns, 
which, accordingly, became the typo species, althougli later French 
writers overlook it as such, Gaudry subsequently established tlu? 
forms, A. frossardi (Bull, Soc. GeoL de France, 1868) and A, Irrcvin 
(Lea Enchainements du monde animal — foasiles primaircs, Paris, 1883, 
p. 266). In 1910 Thevenin (Ann, de Palueont,, 1910, Tome V, 
fasc. 1) redescribed and figured the two latter forms and showed 
that they represent different growth stages of a single species. 
The new specimen is closely similar in size to the Actinodon brevis 
stage but various featiures prevent its reference to any growth stage 
of the type species. From the locality of its occurrence we propose 
to name it Actinodon risinensis,, 
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Genua : ACTINODON Gaudry. 

A(iTiN0i)()N RisiNKNsis, ap. nov. 

/htff/nosfs.— HkuW alightly longer than broad with the lateral 
borders inr)re ('onv(\x than in the t.yp(i speeitis ; orbits eoinparativcly 
large and in the middle of its length the scpiainosal much narrower 
than in A. latirosfris ; srpiamosal border of tlu^, otic notch running 
more l)ackwardly. IVonto jKirid.al suture ant(*riorly placed. 

Matirlal. Iin})res.sion of tin', great(‘r part of lln* up])(^r surface', of 
the skull, llolotype. In the (ollectioii of the Gt^ologieal Survey 
ol' India. 

Horizon uud PermO’Carboniferous basal Gondwaua. 

Zewan Spur, Vihi, Kashmir, India. 



Disvriptum,- I’he ri'gion of the skull posti'rior to a line joining 
the hindtu* borders of tlui hdt scpiamosal and the, right orbit is mis- 
sing, as also is the tip of the snout with the left narial opening. The 
iinprc'ssion of the greater part of the skull is, however, (piitc well 
preserved. In general size and sliapt', it closely resembles A, hrevis 
although the lateral borders of the skull are more convex than in 
that form and resemble those of A, frossardi, I’he wJiolo surfa(^e 
is covered with a fine orjiamentation in the form of small rounded 
pits, which occasionally- and osjx'cially in the nasals- show a radial 
arrangement. The rnjuTssion of the left squamosal is complete 
and is chiefly remarkable f<u‘ its narrowness, being little more than 
half the width of that of A. brevi&. The squamosal border of the* 
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otic notch is, and the notch itself appears to he, directed niore 
backwards and to a less degree outwards than in the ty))e species. 
The nmiaining bones of the skull call for no detailed description. 
The sutures arc discertiable with some clearness on treating the 
impression with a solution of Canada balsam in xylol and are re- 
produced as far as traceable in bgure 1, Plate 1. The parietal bone is 
comparatively large, the frouto*])arietal suture being placed further 
forwards than in the figures of A, frossardi or A, bn vis. In Thcvcnin’s 
liguie of A. frossardi tluj suture, is practically coincident with the 
lice joining the posterior borders of the orbits. The parietal 
foramen is circular with a diamet(^r of 3 nun. The orbits, situated 
in the iniddli', of the length, arc ovate and liave their long axis parallel 
to th(*, lat('ral bojxb^rs of the*, cranium. They are comparatively 
larg(‘, their li‘ngih being approximately two-ninths of the maximum 
length of the skull as against two-elevenths in the case of A, brevis^ 
The iinpression of the right naris is completely preserved and is 
comparatively large ; it is close to the rostral border and has its 
long axis din^ct(‘d forwards and inwards. The characters of the 
maiulible an* wi'll se(‘n in a (*ast made from the impression and are 
closely similar to those figured for the typo species. Tlie teeth 
arc narrowly (-oiiical and im,*asurc about 4 mm. in length. Tlie 
remaining features to be seen in the specimen arc quite similar 
to tliosii of the skulls d(\scribed by Gaudry and Thevcniu and call 
for no further (bvseription. 

Tilt! occurrence of this jk'.w form in the locality w^hich luis already 
yielded the remains dcseaibed as Arohnjosaaras oniatus by Smiih 
Woodward (Pal. Indka, Niiw Series, Vol. 11, Mem. 2, p. 13) is 
interesting and it is to be hojied that further specimens from this 
stegoc(*phaliau fauna will be forthcoming. 


I’XPLANATION OP PLA I E 

f’l,/VTio 1. Adin don rishunsis., .sp. nov. U})|Kir sarfacn uf tlm skull as 
(iiuwji fi'OJii tliu prossioii, natural .si/:u. Tlio luokoii lino iiidicaUia n^sUiiod 
porlioiiH. S<[, - sqii iMiDSil ; Au.mauililory iio1a;1i ; l^a.--pvnotal ; P. 
panetal foramori ; Fr, -= frontal ; Orb.— orbit ; Na.^iiiisal; Nar.«=nariai 

a[K)rtiiro. 
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MISCfiLLANEOUS NOTE. 


Further Note on the Nomenclature of Hollandite. 


Ill a paper ‘ published some years Jigu I proposed the institution of a 
new grouj) of minerals to inelude the crystalline mineral hollandite, its 
amorphous form psilomelane, and coronaditc, a tibrous mineral described 
by W. Lindgren and W. h\ Hillobrand, from the Clifton-Morenci copper 
area of Arizona, United States of America, the last-named mineral being 
regarded b}" me as a manganese-lead manganate, instead of as a manganito, 
as thought by the authors of the term. In a later paper'* recognition was 
accorded to Prof. Lacroix’ term romanechile, applied to the mineral obtain- 
ed from Romanechc in Central France, and it was shown that romancchite 
could be suitably recognised as one variety of hollandite, if again it were 
regarded as a manganate, instead of as a manganito as interpreted by the 
author. 

A discussion of the nomenclature of these? minerals was summarised 
in the following statement: — 


Kollanditc Group 

[ Bo ol^nt or low ^ Coronadito 


''High in HgO * 
j Low in PegO, ) 


Romancchite. 


Low in HgO Hollandite 
l^lligh in FojiOj ) sensu sir. 


At this stage the problem remained until 1923, ® when Ernest E. Fair- 
banks published the results of a microchemical study of polished sections of 
coronadite, romancchite, and hollandite. These tests showed that both 
coromulite and romancchite are mixtures of hollandite with an unidentifitHl 
finely disseminated constituent. 

The results of this work simplify greatly our nomenclature ; for although 
the work of Fairbanks does not tell us whether the high lead contents of coro- 
nadite is contained in the hollandite or in the other mineral present, it enables 
us to reject the name as that of a mineral species. The same remark ap- 
plies to romancchite, and we can now with confidence use the term hollandite 
as a comprehensive term for all the known varieties of crystalline manganates. 
Jt will be time enough to admit varieties or sub-species of hollandite, when 
satisfactory chemical evidence of the existence of varieties of unusual com- 
position is forthcoming. 


L. L. Fbbmob. 


1 Rec, Oeol. Surv, Ind„ XXXVI, pp, 295-300, (1008). 

* ‘On the Crystallography and Nomenclature of Hollandite'. Rec, CM, Surv, Ind., 
XLVIII. pp. 103-120,(1917). 

• * Micrographio Notes on Manganese Minerals'. Amer. Mineraloaist, VoL 8, p. 209, 
(1923). 
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